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Abstract  
The process of managing information in architecture, engineering and construction (AEC) 
design projects remained relatively unchanged between publication of works of Bavarian 
theorist Albrecht Dürer and French mathematician Gaspard Monge in the 1500s and 1700s 
respectively, and the widespread adoption of computer aided design (CAD) in the early 1990s.  
Anecdotal evidence suggests there is a widespread perception in the construction industry that 
information management is ‘snake oil’ and there has historically been limited focus on 
information management as a function or discipline in its own right.   
 
The recent introduction of building information modelling/ management (BIM) methodologies, 
accentuated in particular by the publication of the UK Government’s Construction Strategy has 
challenged numerous embedded cultural norms.  This paper seeks to discover how information 
management is perceived by the AEC industry and how these perceptions have changed over 
recent years.  The paper will also consider the information which is present in buildings, in 
particular with reference to the data held in 3D architectural and engineering models (BIMs), 
as well as how information has been and is now being used by the AEC industry.  This will be 
carried out through analysis of the available literature in journals, books and other 
publications, as well as primary research by means of questionnaires and one-to-one interviews 
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Glossary & Abbreviations  
AEC Architecture, Engineering & Construction industry sector 
AIA American Institute of Architects: professional body for US architects (see also 
RIBA below) 
BEP BIM Execution Plan: document outlining how the project and its actors will 
operate and interact within a BIM environment.  Sometimes known as BXP.  See 
also PEP below  
BIM Building Information Modelling or Building Information Model (sometimes known 
as “Better Information Management”) 
BIS Department for Business, Innovation & Skills (now Department for Business, 
Energy & Industrial Strategy) 
BMS Building Management System: an computer-based control system used to control 
a building’s heating, ventilation and air conditioning (HVAC) systems, lighting, 
water, security, fire alarms etc. (sometimes linked to CAFM, below) 
BSI British Standards Institute: the UK’s national standards body, produces technical 
standards on a wide range of products and services, and supplies certification and 
standards-related services 
BTG BIM Task Group: a ‘virtual team’ of people brought together by BIS (above) to 
deliver the government’s Construction Strategy 
CAFM Computer-Aided Facilities Management: software designed to assist building 
owners and operators in the management of their facility (sometimes linked to 
BMS, above) 
CDE Common Data Environment: software that allows parties in a project to 
collaborate and design in the same environment (see also EDMS below) 
CIC Construction Industry Council: representative forum for professional bodies, 
research organisations and specialist business associations in the UK construction 
industry, founded in 1988 (see also GCCG below) 
DM Design Management: Design management is a discipline that uses project 
management and design techniques to support, manage and control the design 
process 
EDMS Electronic Document Management System: software that standardises the 
exchange of information between parties in a project (see also CDE above) 
FM Facilities Management: the maintenance of an organisation’s buildings, services 
and associated equipment 
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GCCG Government Construction Client Group: a quango set up by UK Cabinet Office 
and managed by Constructing Excellence, UK Contractors’ Group (latterly “Build 
UK”) and the Construction Industry Council to “drive the adoption of BIM across 
government” 
ICE Institute of Civil Engineers: professional organisation representing civil engineers 
in the UK and abroad (see also NEC below) 
IFC Industry Foundation Class: open standard for exchanging construction (and 
facilities management) data across differing software applications 
MEP Mechanical, Electrical & Plumbing/ Public Health: design and construction 
discipline (also known as ‘Building Services’) 
NBS National Building Standards: UK-based system of construction specifications 
describing materials, standards and workmanship of a construction project (a 
wholly-owned subsidiary of RIBA [see above]) 
NEC New Engineering Contract: system created by the ICE (see above) that guides 
the drafting of contracts on civil engineering and construction projects.  NEC3 is 
an existing industry standard; NEC4 contains more information about BIM and 
collaboration 
Open BIM An approach to the collaborative design, realisation, and operation of buildings 
based on open standards and workflows 
PAS Publicly Available Specification: fast-track standard, specification, code of 
practice or guideline developed to meet an immediate market need following 
guidelines set out by BSI (British Standards Institution). Within two years PAS are 
reviewed to assess whether they should be revised, withdrawn, or become formal 
British Standards or international standards 
PEP Project Execution Plan: document outlining how the project and its actors will 
operate and interact.  See also BEP above 
QS Quantity Surveyor/ Cost Consultant: construction industry professional with 
knowledge of construction costs and contracts, including project lifecycle costs 
RIBA Royal Institute of British Architects: professional body for architects in the UK 
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Chapter 1: Introduction 
Bardolph: ...when we mean to build, 
We first survey the plot, then draw the model; 
And when we see the figure of the house, 
Then must we rate the cost of the erection; 
Which if we find outweighs ability, 
What do we then but draw anew the model... 
  Henry IV, Part 2 (Act I, Scene 3), William Shakespeare 
 
Falstaff’s servant, the petty criminal Bardolph, illustrates that the process of building design 
has changed little since the Plantagenet Henry IV reigned England.  Shakespeare chose to use 
the noun ‘model’ presumably to fit Elizabethan prosody but which, in terms of the design of 
built assets, had the same meaning in the 1600s as it does today.  While it is widely 
appreciated that the AEC (architecture, engineering and construction) industry has moved on 
from pencil, paper and drawing boards to computerised modelling, the acts of sharing and 
exchange of information are becoming more important now than ever before but according to 
Grewal (2017) often remain overlooked. 
 
From Saqqara, Giza to Hyde Park, London in 4,500 years 
There is no accepted record of the first architect or engineer, but Egyptologists including 
Baker & Baker (2001) and Kemp (2006) suggest the earliest recorded architect was Imhotep, 
who is believed to have been responsible for the design of a stepped pyramid at Saqqara in 
Egypt (about 18 miles [30km] south of Cairo) built c.2630-2611 BC for the burial of Pharaoh 
Djoser.  Imhotep is also credited as inventing structural columns and stone-dressed buildings 
(although some academics [including Romer (2013)] dispute this).  Regardless, architecture 
and the built environment have always been part of human civilisation with examples from 
ancient civilisations in Mesopotamia, Egypt and Greece still in evidence today. 
 
Architecture has been studied for thousands of years, and it is not appropriate to add to that 
body of work here.  However, one example of the use of information to inform a building’s 
design came with a new space for the Great Exhibition of 1851 in London’s Hyde Park.  Joseph 
(later Sir Joseph) Paxton based the shape and size of the building which would become known 
as the Crystal Palace entirely on the dimensions of the largest single panes of mass-produced 
glass available at the time which measured 10” by 49” (approximately 25cm x 125cm).  
Paxton’s approach meant that a vast amount of the outer surface of the building could be 
glazed using millions of identical panes of glass (Crystal Palace Museum, 1990).  This led to a 
reduction in both construction time and production costs and the building of arguably the 
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world’s first modular building.  Although information management was not high among 
Paxton’s considerations, his approach paved the way for simpler construction processes and 
towards an information sharing culture in the AEC industry. 
 
The Genesis of Computer Modelling and Multi-Disciplinary Teams 
Drafting and design methods used today can be traced back to the development of ‘descriptive 
geometry’ first described in 1525 by Albrecht Dürer in Underweysung der Messung 
[Understanding of Measurement] and further explored by the French mathematician Gaspard 
Monge (widely credited with inventing descriptive geometry in the late 1700s with his essays 
Description de l’art de fabriquer les cannons [The art of making guns], Avis aux ouvriers en 
fersur la fabrication de l’acier [Advice to iron workers on the manufacture of steel] and a 
transcription of his lectures; Géométrie descriptive: Leçons données aux écoles normales 
[Descriptive Geometry: Lessons for Universities] published in 1799).   
 
Computer Modelling 
Time passed, and the process of design in the AEC industry improved with the introduction of 
specialist drafting machines, but the creation of engineering and construction drawings 
changed little until the late 1950s.  In 1957, Patrick Hanratty developed PRONTO (Program for 
Numerical Tooling Operations), arguably the first commercial CNC (computer numerical 
control) programming system (Weisberg, 2008).  A few years later, Ivan Sutherland published 
his Ph.D. thesis at MIT entitled Sketchpad, A Man-Machine Graphical Communication System, 
detailing the first graphical user interface (GUI) to design a building (Sutherland, 1964).   
 
In the late 1960s, Nicholas Negroponte built on Sutherland’s work and developed software 
called “Urban 5.0”.  He stated that it was “a preface to machines that can learn about 
architecture” which would be, he hoped, “a dialogue between two intelligent systems – the 
man and the machine” (Negroponte, 1969, p. 9).  In his paper, Negroponte cited Eberhard who 
stated that “less than 5 per cent of housing… and less than 1 per cent of the urban 
environment is exposed to the skills of the design professions” (Eberhard, 1968, p. 38) 
highlighting that the remaining aspects of such works are decided upon and managed ‘on site’ 
by contractors.  Negroponte suggested that researchers should develop information systems 
and computing services that “liberate the designer and allow him [sic] more time to do that 
which he [sic] really loves”, adding that “such efforts would be meaningful only in a context 
where machines can learn to be adaptable”, building on Alan Turing and Arthur Samuel’s work 
on artificial intelligence and machine learning, respectively (Turing, 1950 and Samuel, 1959).  
Their work led, among other things, to the genesis of AutoCAD design software in the early 
1980s, and more recently to information-rich computer modelling which is now becoming 
commonplace in the AEC industry.    
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Multi-Disciplinary Teams 
The production of ‘traditional’ 2D drawings is relatively simple to understand with everything 
represented by lines and annotations, but the creation of 3D models is more complex.  In a 
traditional two-dimensional drawing environment, human intervention is relied upon to ensure 
that, for example, a cylinder is appropriately interpreted as a structural column.  As 
highlighted by Turk (2016, p. 275), in a BIM environment this fact is explicitly stated in the 
database associated with the model, in the 3D render viewed by the end-user and designer as 
well as in the resulting drawings used for construction. 
 
Built assets are usually designed by teams from a variety of organisations which come together 
then disband after the design process is complete and the design documents are handed over 
to the contractor to commence the build stage.  These teams are made up of different 
professions including architects, structural engineers, building services specialists, project and 
design managers, cost consultants and others, each with their own differing organisational 
cultures and sources of data (Grilo, et al., 2012, p. 158-159; Zelkowicz, et al., 2015, pp. 386-
387).  When working together, they are known as multi-disciplinary teams.  Indeed, Steel, et 
al. (2009) describe BIM as “the primary means for information exchange among various parties 
involved in construction projects”.  An architect interviewed for this paper described BIM as a 
process which creates a “more streamlined design which is more accurate, which saves time 
and money in the latter stages of a project in both design and construction” (Delta [Architect], 
2017).   
 
The White Heat of the Information Revolution 
Technological change is nothing new.  In early 1871, the Great Chicago Fire burned for three 
days from 8 October 1871, destroying thousands of buildings across roughly 3.3 square miles 
(9km²) up the west coast of Lake Michigan, killing an estimated 300 people and causing an 
estimated US$200 million in damages (Abbott, 2012).  From this conflagration emerged the 
world’s first skyscrapers, as engineers took the opportunity to utilise novel technologies such 
as mechanical lifts, allowing the creation of buildings far taller than anybody had previously 
constructed.  These buildings were huge steel towers, but unlike today’s skyscrapers they were 
clad in traditional materials such as brick and stone, with many sporting Gothic columns and 
other ornaments in line with the architectural fashions of the 1870s: architectural styles had 
not caught up with the rapid technological advances that enabled these structures to be built.  
The world had changed overnight, but it took time for designers to realise and catch up.  
 
It’s All About Change 
Everyday objects such as office furniture can be manufactured through the use of information-
rich models, and promote individuality rather than mass-production (Steelcase, 2017).  On a 
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domestic level, the Swedish furniture store IKEA has started to use information about its 
products to feed an augmented reality smartphone app, allowing customers to see how 
furniture will look in their home (Digital Meets Culture, 2013).  This fusion of information and 
technology is already commonplace in industries such as manufacturing, aerospace and 
Formula 1 motor racing, and it is incumbent on all involved in the construction industry to 
ensure it remains relevant.   
 
The demise of companies such as video rental chain Blockbuster and camera film manufacturer 
Kodak are well-documented tales of organisations that failed to prepare or adapt for change 
(Hamil, 2012).  Organisations, industry experts and end-users need to be aware of new and 
emerging technologies as and when they are being developed or they risk being ‘Betamaxed 
out’ (Winston, 2016).  The construction design industry is undergoing a significant revolution: 
drawings, schedules and specifications were traditionally hand-written: now it is possible to 
generate them from well-structured data and information-rich virtual models.   
 
Information Exchanges 
In order for information to be successfully exchanged it is necessary for all those working on a 
project to understand what they and others need to provide, and how this information will be 
both presented and used.  These ‘data drops’ usually include model files and information and 
act as ‘milestones’ for the project, ensuring that project information is validated and 
controlled as the project develops.  The BIM overlay to the industry-standard RIBA Plan of 
Work (RIBA, 2012) suggests data exchange in line with other major project milestones 





Fig 1: Information underpins the BIM process (Hamil, 2012) 
 
It is easy to think BIM is simply about software.  While BIM is about technology, it is mostly 
about collaboration and the sharing of information through carefully-designed and managed 
processes.  An illustration like fig 1 above can be used as an aide memoire to help project 
participants understand how information underpins the BIM process and remind them that it’s 
not just about software or hardware.   
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Chapter 2: Aims & Objectives 
Implementing BIM protocols is known among AEC design teams as “designing in a BIM 
environment”, and is intended to save time and money through sharing information during the 
design, construction and asset management processes.  Working in a BIM environment is 
predicated on the design teams working collaboratively, sharing information including drawing 
models and data while the building or other asset is being designed in real- or near real-time.   
 
This paper will consider how strong information management processes between and within 
multi-disciplinary design teams can improve the design process while also ensuring good value 
for money.  It is anticipated that this research will illustrate the benefits of robust information 
management and how the adoption of such methods can help with existing and future 
projects.  Information sharing should take place between as well as within projects: 
achievements and findings from Project A can in turn be implemented on Project B, 
completing a virtuous circle of best practice. 
 
Broad View of the Research Area 
The introduction of collaborative design methodologies in the AEC industry is nothing new, 
with a huge number of examples still visible across the world.  Examples of such methodologies 
include the replacement of the Caen stone-clad façade from Buckingham Palace’s East Wing in 
1912 to Empire State Building in New York, completed in 1931 and the design of the 
Cumbernauld Town Centre Megastructure in Scotland in the 1950s; all explored in more detail 
below.  However, the introduction formalised sharing of information and closer collaboration 
between design teams has only started to have a significant impact on activities in the AEC 
industry with the adoption of BIM methodologies.  In the UK this shift has been hastened by the 
publication of the Government-sponsored Latham (1994), Egan (1998) and Wolstenholme 
(2009) reports into the construction industry, which gave rise to what has become known as 
‘the BIM mandate’ or ‘BIM 2016’.   
 
Information Generation 
Modern construction projects are their own ouroboros, simultaneously generating and 
demanding huge amounts of information, data and indeed metadata.  Until the introduction of 
BIM as a way of working and managing such projects, much of this data was unstructured.  
Modern building design projects include items such as images, web content and video alongside 
the more traditional drawings, reports and specifications.  Effective information management 
is key for any organisation to achieve high performance (Rogalski, 2006, p. 36); handling these 
items effectively to ensure the right information is available to the right teams at the right 
time is important – even more so in a BIM environment.  
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The main difference seen from a lay person’s perspective is that in traditional construction 
projects, the flow of information usually stops once the asset is handed over to the client/ 
end-user.  In a digital/ BIM environment, it is intended that the information continues to be 
updated and used through the lifetime operation and maintenance of the asset (Parkinson, 
2017, p. 21) up to and including refurbishment, reuse and/ or demolition. 
 
The BIM mandate 
The publication of three major reports into the UK construction sector (see fig 2a to 2c, below) 
led to a consensus that clients and suppliers need to work collaboratively and share 
information formally and more widely.  The Wolstenholme (2009) report in particular 
highlighted that government-procured projects represent around 40% of the UK construction 
industry’s output, so these reports have a significant impact on the country’s economy.  The 
UK Government’s Construction Strategy mandated that all publicly-funded projects must 
operate in “a fully collaborative 3D BIM (with all project and asset information, documentation 
and data being electronic) as a minimum by 2016” (Cabinet Office, 2011, p. 14) and set up the 
Government Construction Client Group (GCCG) to “drive the adoption of BIM across 
government” (ibid.).  The GCCG’s initial Strategy Paper was published in March 2011 with a 
stated aim to “increase BIM take-up over a five year horizon as part of a joined up plan to 
improve the performance of the government estate” (GCCG, 2011, p. 3).   
 
   
Fig 2a, 2b & 2c: L-R – the Latham (1994), Egan (1998) and Wolstenholme, et al. (2009) reports 
into the UK construction industry  
 
The GCCG’s paper recognised various barriers to growth and efficient operation within the 
UK’s AEC industry.  The Infrastructure & Projects Authority (2016) says the UK AEC sector 
employs around three million people (almost 10% of the working population) and contributes 
£90 billion to the economy – about 7% of the UK’s GDP.  It is estimated that worldwide 
construction output will reach £9.5 trillion (US$12 trillion) by 2025, with global BIM market 
revenue forecast to reach £14.32 billion (US$18.8 billion) by 2024 (Esticast, 2017).  The 
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European BIM market is projected to reach $2.43 billion by the end of 2023 with a CAGR 
(compound annual growth rate) of in excess of 13% from 2017 figures (Reportlinker, 2017). 
 
Innovation in the AEC Industry  
The AEC industry is commonly characterised as ‘backward’ and in particular as one that fails to 
innovate when compared to other sectors.  The charge against construction is that from 
symbolic achievements such as the Crystal Palace and the Suez Canal in the 1800s, the industry 
failed to transform itself for the 20th Century and beyond (Winch, 2003, p. 651).  According to 
Dubois & Gadde (2002, p. 621) numerous studies have identified that the construction industry 
is inefficient, and that its short-term perspective hampers both innovation and technical 
development.  The industry’s performance is low when compared to other industries (Koskela 
& Vrijhoef, 2001, p. 198), with Winch (1998, p. 269) and Farmer (2016, p. 7) both arguing that 
the low rate of innovation is to blame.  Koskela & Vrijhoef (ibid., p. 197) argue that an 
inflated level of variability and “myopic modes of management” also hinder innovation.   
 
Seaden and Manseau (2001, p. 186) suggest that every construction project can be considered 
a prototype: with a new site, new team made up of ‘loose coupled’ teams.  Dubois & Gadde 
(ibid., p. 623) expand on this and suggest that new projects offer AEC teams opportunities to 
do something new and/ or distinct each time.  These arrangements can both inhibit and 
encourage innovation, but above all are not necessarily conducive to information sharing. 
 
Collaborative Working & Information Sharing 
Weippert and Kajewski (2004) state that the AEC industry continues to prefer traditional 
methods of communication and information processing, and resists efforts to modernise or 
embrace new ways of working.  In an interview with The Economist, Dutch architect Ben van 
Berkel says that “while we are all using iPhones, construction is still in the Walkman phase” 
with many AEC professionals using hand-drawn plans often “riddled with errors” (The 
Economist, 2017, p. 56).  This theme is picked up in an interview for this research with 
participant Xi [Director; Architecture & Design] who suggests that there are often 
misconceptions around the implementation of new working methods which in turn hinder the 
adoption of improved processes: particularly in the AEC design industry.  According to 
Mahmood (2016, p. 30), the adoption of BIM, information sharing and collaborative working 
differs across organisations and within disciplines.   
 
The UK Government’s Information Economy Strategy, published by the Department for 
Business, Innovation & Skills (BIS) assumes that a variety of business sectors are being 
transformed by data, analytics, and modelling (BIS, 2013a, p. 7).  It references BIM in 
particular, saying that the construction sector is “improving quality and efficiency through 
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building information modelling software” (ibid., p. 25).  Indeed, according to a white paper 
published by MEP Content, the correct information, ensures that “3D modelling is increasingly 
important to those designing in BIM environments” (MEP Content, 2017, p. 7).   
 
How This Research Fits  
This paper aims to consider the impact of the BIM mandate and how this and the rise of 
formalised information sharing processes have had an impact on collaborative working and 
innovation in the AEC industry.  The literature review (Chapter Three, below) highlights the 
work that has already been undertaken to consider the nature of information, including 
classification, ontologies and taxonomies as well as the impact of information sharing and 
collaborative design.  It also considers the research surrounding BIM and its associated 
benefits.  However, little research has been undertaken around the benefits of sharing 
information in collaborative design settings in the AEC industry.  This paper is intended to fill 
that gap, and identify areas for future study and work into this growing area. 
 
Subsequent Chapters 
 Literature Review 
This desktop review explores the existing research and theoretical literature to 
consider the nature of information and considers the process of managing and sharing 
it within AEC projects.  It then considers the concepts and drivers behind the adoption 
of BIM (including various UK government reports into the construction industry), and 
the benefits seen by projects designed in a collaborative BIM environment.  
 Methodology, Results and Analysis 
Chapters 4 and 5 consider how the research was undertaken and analysed.  The use of 
anonymised questionnaires and one-to-one interviews is examined along with the 
motives for choosing themes and questions.  The section contains illustrations of the 
data drawn from the questionnaires and closes with an analysis of the results.   
 Discussion & Conclusions 
The penultimate section of this paper considers arguments based on the findings in 
light of existing research, including conflicting and partially-supportive findings as well 
as analysing the validity of the final results.  It ends with a discourse considering 
implications for the AEC industry, particularly around cloud computing, the benefits of 
BIM and what has been termed ‘better information management’. 
 Future Work 
Chapter 8 highlights opportunities which could enable future research to progress.  
Issues such as the role of ‘Information Manager’ and how BIM impacts on intellectual 
property as well as how buildings can be considered as documents   
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Chapter 3: Literature Review 
This chapter begins with a brief consideration of the nature of information and looks at the 
flow of information within the life of an AEC project.  It then considers the organisation of 
information from ancient Mesopotamian libraries through to the birth of ‘modern’ computing 
in 1940s Bletchley, classification and a discussion about communication in AEC projects.   
 
Towards the middle of this chapter, the concept of BIM and information use in AEC projects is 
explored more fully, from the birth of the term in the early 1990s to its currently-accepted 
definition and use of multi-dimensional models, parametric design and the generation of 
accurate and consistent drawing sets, all set against a background of a global “great 
restructuring” in information management (Brynjolfsson & McAfee, 2012).  The chapter then 
considers standardisation of information within the AEC industry; driven partly by a need for 
greater collaboration, and the publication of three UK Government reports into the industry 
(Latham, 1994; Egan, 1998; Wolstenholme, et al., 2009) as well as the GCCG’s Construction 
Strategy reports (2011 and 2016) which both mandated “a collaborative approach to the design 
and construction of built facilities underpinned by… digital technologies”. 
 
What is Information? 
To some, a book or news article, per se, is information.  To others, it is 
the content, not the physical embodiment that constitutes information.  
To yet others, the information comes when the reader ingests the 
content into his or her own knowledge structure.   
(Meadow & Yuan, 1997) 
 
Macevičiūtė and Wilson (2002) are of the opinion that information can be considered a 
resource in pieces unrelated to bodies of knowledge or information flows organised as a 
commodity (itself implying buyers, sellers and a market) with a past and a future.  Information 
management is described by the Association for Information and Image Management as “the 
collection and management of information from one or more sources and the distribution of 
that information to one or more audiences” (AIIM, 2015).  Information management is often 
facilitated through the use of information technology, although IT should be considered a 
function rather than the whole process: according to Frenzel (2003) “the leverage of 
information and people is so powerful that managers in high performance organizations [sic] 
devote considerable energy to managing information, its delivery system, the people who use 
it and those who deliver it”.  IT systems should be accompanied by suitable processes and 
personnel who have the experience; in the case of the AEC industry, these are usually 
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manage the flow of information within and between teams on construction and design projects 
but also to reduce the phenomenon of ‘digital landfill’ (Stratas, 2015).  Sigma [Urban Designer] 
(2017), suggests that IT teams do not always understand the importance of certain types of 
software as they do not use it on a day-to-day basis.  Sigma continues, saying “you shouldn’t 
have an urban designer installing software on other companies’ computers.”   
 
Classification & Ontologies 
Large collections of information or data must be indexed in order that it may be retrieved at a 
later date.  This is a concept that has its roots 3,000 years ago in ancient Mesopotamia with 
the Assyrian King Ashurbanipal’s grandfather’s library (as detailed below).  The data derived 
from indexing activities, ‘metadata’, is described by the US National Information Standards 
Organization (NISO) as “structured information that describes, explains, locates, or otherwise 
makes it easier to retrieve, use, or manage an information resource… metadata is key to 
ensuring that resources will survive and continue to be accessible into the future” (NISO, 
2004).  The sharing of bibliographic and other information is highlighted NISO’s publications 
Guidelines for the Construction, Format, and Management of Monolingual Controlled 
Vocabularies (2005) and Issues in Vocabulary Management (2017).  
 
All stakeholders must work together to design and ultimately deliver the final built asset, 
meaning a huge amount of collaboration and shared thinking, planning and understanding must 
take place: underpinned by the sharing and dissemination of project administration, model 
information and other documents including drawings, sketches and reports in an accurate and 
timely manner (Anumba, et al., 2008, p. 236).  As outlined by Kim et al. (2005), Anumba et al. 
(2008, p. 237) and Mencke et al. (2008), this is aided by the development of ontologies of 
construction project concepts and terms giving a common set of unambiguous definitions.  
Such ontologies would improve interoperability, allowing for a better process of sharing, 
storing and re-using data, information and knowledge and paving the way for the removal of 
some of the repetitive tasks and human error associated with some aspects of the design 
process (Lambda [Director; Engineering], 2017).  Much of this work has already started, 
including the introduction of standard nomenclatures (such as PAS1192 (Richards, 2010; CIC, 
2013)) and project dictionaries (such as Bond Bryan Architects’ BIM Dictionary (2015) and the 
RIBA Plan of Work (RIBA, 2013)).   
 
To muddy the waters perhaps further, the Building Research Establishment (BRE) manages a 
Xylarium (literally a ‘wood library’) for the purposes of research and analysis into the uses of 
different woods in construction (BRE, 1926); a physical representation of items now widely 
managed as virtual objects in AEC models.  
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Fig 4a & 4b: BRE’s Xylarium in Garston, Watford (Soorian, 2016) 
 
Inter-disciplinary collaboration also led to the development of MasterFormat, UniClass and 
OmniClass as standard classification schemes (Park, et al., 2013).  In terms of BIM, Industry 
Foundation Class (IFC) has been developed as a way to capture and communicate aspects of 
design in a unified data model (McPartland, 2017; Hu, et al., 2017) as well as offering 
ratifiable data security and information exchange (Howard & Björk, 2008, p. 274).   
 
Information Storage 
Ordinary paper can deteriorate over time, while vellum retains its integrity.  Four original 
vellum copies of the 800 year-old Magna Carta still exist (Stokel-Walker, 2016) in Lincoln and 
Salisbury Cathedrals and two in the British Library.  While it is not certain how many copies 
were originally distributed, the preservation of this document was assured through the use of 
vellum rather than paper or other means available at the time (Breay & Harrison, 2014).   
 
Even “modern” technologies are not immune to problems with storage and retrieval.  The 
BBC’s Domesday project aimed to document everyday life in the UK in the 1980s with schools 
and community groups across the UK surveying over 108,000km² of the country, submitting 
around 150,000 pages of text articles and over 23,000 photos (Copeman, 2011), all of which 
were stored on Laser Discs; the vanguard of 1980s technology (Tibbetts, 2002).  The 
technology failed to enter the mainstream, with the information very nearly lost until 
academics and interested members of the public worked with the CAMiLEON (Creative 
Archiving at Michigan and Leeds Emulating the Old on the New) consortium came together to 
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preserve the data for future generations (Mellor, 2003).  Similar issues plague the AEC 
industry: backwards compatibility (where a software or hardware system can successfully 
interface/ exchange data from earlier versions) must be considered in BIM environments: 
electronic data storage and information exchanges cannot and must not be reduced to 
glorified filing cabinets (Sigma [Urban Designer], 2017). 
 
Biblioclasms 
Another consideration is data destruction.  Otlet and La Fontaine’s Mundaneum was 
devastated in 1940 when the Nazis invaded Belgium (Wright, 2014); it suffered a similar fate to 
the university of Leuven where an estimated 900,000 books were burned (Battles, 2004).  More 
recently, the Norwich library fire in August 1994 (below) saw the loss of documents including 
the American Air Division Memorial Library and manuscripts dating back to the 11th Century.   
 
  
Fig 5: Norwich Library fire from Bethel 
Street, Norwich (Lowestoft Journal, 1994) 
Fig 6: Norwich Library children’s section, 
after the fire (Eastern Daily Press, 1994) 
 
Of course, physical storage is not the only medium at risk of similar ‘biblioclasms’: this 
researcher has first-hand experience of managing the restoration and mitigation of the loss 
electronic data storage following deletion by un-trained yet well-meaning members of staff.  
While the processes of rebuilding electronic data differ to those of restoring physical 
information, the loss is no less great.  
 
Organising Information 
Nearly 3,000 years ago, around the eighth century BC, the Assyrian King Ashurbanipal 
expanded his great-grandfather’s library in Nineveh, Mesopotamia (near Mosul in modern day 
northern Iraq).  Ashurbanipal was among the first to believe that libraries should contain 
archives alongside current materials, and amassed a collection of tablets covering various 
subjects (Jackson, 1974).  The latest ‘information revolution’ started with Tommy Flowers’ 
and Alan Turing’s work on Bombe and Colossus at the Government Code and Cypher School in 
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Bletchley during the 1940s.  Their work to decipher Sägefisch- (sawfish) and Enigma-coded 
messages exchanged by enemy troops led to a step-change in the production and management 
of information and documents not seen since the development of the printing press in the 15th 
Century (Copeland & Proudfoot, 1999; Bletchley Park Museum, 2017).  
 
Reading Buildings 
The Oxford English Dictionary, defines a building as 
building / bɪldɪŋ /  
1 [noun] A structure with a roof and walls, such as a house or factory 
2 [mass noun] The action or trade of constructing something 
 
The question of what constitutes a document has sparked significant debate among academics 
and others.  Indeed, the concept of ‘a document’ includes entities as diverse as religious icons 
(Walsh, 2011), animals (Briet, 1951), museum objects (Latham, 2012) and land forms 
(Grenersen, 2012).   
 
Buckland (2013) highlights work by Otlet and Henri La Fontaine and their founding of the 
International Institute for Bibliography in 1895 (Wright, 2014; Battles, 2004).  Buckland 
highlights that once one “accepts the notion of documents as objects from which one may 
learn, then there is no basis for limiting the scope to text recorded on two-dimensional, flat 
surfaces” (ibid., p. 5).  Buckland continues to theorise that museum objects such as sculptures 
and specimens can be considered documents under one or more of his three classifications:  
 Conventional, material view 
 Functional view 
 Semiotic view 
 
In the AEC industry, the word “building” widely used to mean any built asset, such as houses 
and schools, libraries and hospitals, roads and railway lines or bridges and ports.  Considering 
Museum Object As Document (Latham, 2012) buildings can also be considered documents.  
Often before a building is constructed, a physical model is made to display the concept.  While 
the importance of these physical models has been reduced in recent years by the growth of 
BIM, many architects still believe that a physical representation is the best way to showcase 
their design.  London’s Victoria & Albert museum, for example, has a permanent architectural 
exhibition devoted to drawings, models, photographs and associated artefacts while 
organisations such as RIBA, Historic England (formerly English Heritage), the National Trust and 
a variety of local and national government bodies also manage substantial libraries of 
drawings, models and other items relating to the built environment, as illustrated below.   
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Fig 7: Rowlett Street Housing Block A & Block B [later Balfron Tower & Carradale House 
respectively] (image: IanVisits/ V&A Museum)     
 
  
Fig 8: NW Corner Perspective: Block A 
[subsequently Balfron Tower] Service Tower 
(Goldfinger/ RIBA, 1964)    
Fig 9: Balfron Tower at Dusk (Terrill, 2013) 
 
  
MSc Information Science 





Chapter 3: Literature Review 16 
 
  
Fig 10: Balfron Tower Conservation Area 
report (LB Tower Hamlets, 2007) 
Fig 11: Balfron Tower Listing Summary 
(Historic England, 2015) 
 
Information Sharing and Collaborative Design 
Designing buildings in a collaborative, information-sharing environment is nothing new.  In 
1912, it became necessary to replace the crumbling Caen stone façade on Buckingham Palace’s 
East (Front) Wing.  The contractors completed the works in 13 weeks through the use of 
formalised information sharing between design and construction disciplines and off-site 
fabrication (Royal Collection, 2013).  A few years later, New York’s Empire State Building, 
opened in May 1931 fewer than two years after building started due in part to “a team-design 
approach that involved the collaboration of the architects, owners, builders, and engineers in 
planning and problem-solving, and the organizational [sic] genius of the general contractors” 
(Willis, 1998).   
 
Although the Empire State Building was designed in a collaborative environment in the early 
1930s and the works at Buckingham Palace were undertaken in the early 20th Century, 
attempts at making a similar shift in the UK construction industry took a further 20 years to 
appear again, with the design of the Cumbernauld Town Centre Megastructure in the 1950s: 
One of the most remarkable innovations [in the design process] was not 
technical; it was a new way of working...  Architect George Kenneth (Ken) 
Davie told of “the strong desire to mix all of the professions.  So you didn’t 
MSc Information Science 





Chapter 3: Literature Review 17 
 
have an engineers’ office, an architects’ office, a planning office; we were 




Fig 12: At-grade view of the entryway to the [Cumbernauld] town centre megastructure 
(image: John W Reps (Cornell University Library)) 
 
These examples and others led Gibbs, et al. (2015, p. 4) to note that a collaborative design 
process requires a shift from a ‘silo working’ mentality.  The key to successful collaborative 
design environments is effective information management (Rogalski, 2006, p. 36) and 
according to Hardin & McCool (2015, p. 183) the progress of BIM is heralding “an increase in 
the frequency of information sharing.”  These benefits are augmented when one considers the 
pivotal role BIM plays in the transfer and sharing of information within and between projects, 
teams and organisations right through a built asset’s lifecycle: the information and data about 
each aspect of the asset is retained in a standardised format facilitating the easy update and 
transfer from design through construction and management (Ho, et al., 2013, p. 2).   
 
It is perhaps easy to forget that organisations involved in the design process handle a variety of 
documents such as site photographs, technical reports and notes from client meetings as well 
as model files, drawings and client or site requirements: Vo-Tran (2014) highlights a need to 
corral and organise these items in order that they can be shared and used by the whole team.  
Indeed, collaboration is a motivating factor in the success of AEC projects.  Respondents in 
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research by Beaumont (2013, p. 49) agreed that information sharing improves through 
collaboration and highlighted that “having common goals and shared objectives… increased 
motivation”.  It should be borne in mind that an important and often overlooked factor when 
considering the implementation of a BIM design environment (particularly in cross-
organisational teams) is trust: Poirer, et al. (2015, p. 60) point out that the model succeeds or 
fails on the accuracy of the information which is input by other actors involved in the creation 
of the final model.  The industry should be encouraged to share knowledge in order to aid 
understanding of each other’s working methods and aid collaboration (Emmitt & 
Christoffersen, 2009, p. 5.4).   
 
Speak the Same Language 
The importance of information sharing is perhaps greatest when considering the AEC industry’s 
“heavily fragmented processes” (Underwood & Isikdag, 2010, pp. xxxi-xxxii) and its increasing 
need for integrated ways of working.  Although not writing specifically about the AEC industry, 
Floridi (2010, p. 258) notes that “too often contradictory requirements and specifications lead 
to malfunctioning and even dangerous systems”: a regular problem with construction projects. 
 
BIM has brought with it a greater focus on information management, integrating information 
inputs from teams involved in AEC projects (Santos, et al., 2017, p. 119) and integration of 
information flows among those teams (Papadonikolaki, et al., 2017).  However, it lacks human-
computer interfaces that can bring information into a team-centric environment that can 
support real-time collaboration among team members (Grilo, et al., 2012, p. 158).   
 
Different project stakeholders use different technical jargon resulting from their respective 
discipline specialisms (Wikforss & Löfgren, 2007, p. 339) representing diverse skills, cultures 
and disciplines (Lu & Sexton, 2006, p. 184).  Adding to this already complex picture, multi-
disciplinary teams typically collaborate in four different ways (Huifen, et al., 2003, p. 614): 
 face-to-face (same place, same time) 
 synchronous distributed (different places, same time) 
 asynchronous (same place, different times) 
 asynchronous distributed (different places, different times) 
 
AEC projects are increasingly being undertaken by globally-distributed design teams and mega-
scale international design service provider organisations (Winch, 2008; Maurer, 2010).  Coupled 
with the fact that the industry is often acknowledged as an inefficient, low-technology 
industry with poor interoperability and data management estimated to cost the AEC industry 
approximately 3-4% of total industry turnover (Gallaher, et al., 2004, p. 6.2) this suggests that 
the wider roll-out of BIM and associated processes and technologies is well overdue.  Anecdotal 
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evidence, including interviews undertaken for this paper (see Appendix 6, Interview 
Transcripts), suggest that face-to-face communication is the best way of sharing information in 
live design environments, but sometimes an e-mail or a phone call can also be appropriate (Phi 
[Engineer; Building Services], 2017 and Pi [Design Manager; Buildings & Urban Design], 2017), 
especially with multi-office, multi-organisation and widely-dispersed teams working in 
synchronous distributed or asynchronous environments (Huifen, et al., ibid).  
 
What is BIM? 
[BIM is] a collaborative way of working, underpinned by the digital 
technologies which unlock more efficient methods of designing, creating and 
maintain [sic] our assets.  BIM embeds key product and asset data and a 
three-dimensional computer model that can be used for effective 
management of information throughout a project lifecycle – from earliest 
concept through to operation 
BIS, 2013 
 
The term BIM (meaning Building Information Modelling or Building Information Model) was first 
coined in Modelling Multiple Views on Buildings (van Nedervenn & Tolman, 1992, p. 215) 
before being popularised by software developer Autodesk, and further promoted by industry 
specialist Jerry Laiserin in his paper Comparing Pommes and Naranjas (2002).  However, there 
is no single agreed formal definition of what constitutes BIM.  Engineering blogger Dace 
Campbell is not alone in having long argued for a standard term and definition of BIM both in 
terms of the use of the term and standards for professional practice (Campbell, 2014).  
Construction law specialists Fenwick Elliot state that “BIM… describes the means by which 
everyone can understand a building through the use of a digital model.  Modelling an asset in 
digital form enables those who interact with the building to optimize [sic] their actions, 
resulting in a greater whole life value for the asset...” (Fenwick Elliott, 2016).  NBS adds that 
“BIM is a digital tool or ‘way of working’ to optimise output, both in terms of working practices 
as well as the whole life value of the building or asset” (NBS, 2015).   
 
In his paper Building Information Modelling Framework: A research and delivery foundation 
for industry stakeholders, Bilal Succar refers to BIM as “a set of interacting policies, processes 
and technologies that generate a methodology to manage the essential building design and 
project data in a digital format throughout the building’s life-cycle” (Succar, 2009, p. 357).  
Eastman et al. (2008) define BIM as “a verb or adjective phrase to describe tools, processes, 
and technologies that are facilitated by digital machine-readable documentation about a 
building, its performance, its planning, its construction, and later its operation.”   
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Whatever the formal definition, the 2016 NBS International BIM Survey found that 77% of 
respondents agreed that BIM is “the future of project information” (NBS, 2016, p. 36), 
suggesting formal sharing of information within AEC methodologies is becoming increasingly 
important.   
 
What does ‘BIM’ mean? 
Describing BIM to a layperson can often be quite difficult without descending into technical 
detail and a host of acronyms.  A variety of pundits and experts have tried to describe BIM to 
those within and outside the construction industry.  In their attempt to describe BIM to 
architects, engineers and lay people, architecture firm Bond Bryan has created a blog; LEGO 
Architecture meets BIM.  As part of their work, they have illustrated a BIM object library using 
LEGO bricks (see fig 13 below) shown in the commonly-used AEC design software ‘Revit’, 
augmenting this work with a BIM of LEGO’s Villa Savoye (see fig 14 below) again illustrated in 
Revit format.   
 
BIM is at once a visualisation tool for representing a built asset in three dimensions, a database 
of building components that can be filtered and analysed, a collaborative environment for 
multi-disciplinary teams, a collection of data and information about a built asset and a tool for 
amalgamating outputs of various softwares (Neff, et al., 2010, p. 558) as well as acting as a 
single source of truth for the project and built asset as a whole (Maletz, 2016, p. 2).  The key 
advantage over a two-dimensional approach is that it is much easier for all parties in the 
process to understand how the project will look when complete.   
 
It is perhaps easiest to describe BIM concepts in layman’s terms using an external wall as an 
illustration.  In a BIM environment, walls are considered three dimensional objects made from 
individual items (in this example, render, brickwork, cavity insulation, blockwork and dry-
lining etc.).  Each item is considered an object in its own right and has properties such as 
dimensions, weight, cost and thermal efficiency associated with them.  BIM software enables 
these objects and related models to be automatically updated when the design is updated and 
enable quick calculations – in the case of the wall, this includes the number of bricks, the 
volume of render or the number sheets of plasterboard to be used as well as the wall’s thermal 
efficiency, specifications associated with the materials used and other parameters to be 
calculated at the click of a mouse (BRE, 2016).  This highlights the need for a comprehensive 
information management strategy and illustrates why information management should be 
considered throughout a building’s life. 
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Unlimited Data  
The AEC design process produces the geometry of the building.  However, it is the data 
attached to that geometry which creates the components, dimensions, schedules and other 
information for use by the project’s various stakeholders (Roller, 1991, p. 386).  These systems 
have improved how project teams perceive designs and interact both with the project and 
each other.  Coordination between different disciplines enables the linking of this information, 
enabling design to take place in a collaborative BIM environment.   
 
BIM builds on the concept of 3D modelling to include 4D information (that relating to ‘time’ so 
construction processes and project dependencies can be considered at the outset) as well as 
5D (cost data) and more recently nD modelling (Marshall-Ponting & Aouad, 2005, p. 316) to 
cover information associated with and used by disciplines such as facilities management, 
ongoing operations and maintenance (Pärn, et al., 2017, p. 47), whole-life costs, 
refurbishment and ultimately demolition and recycling.   
 
The embedding of data in AEC models (including specification and material data) is becoming 
increasingly important for all design disciplines during the design process (Aish & Woodbury, 
2005).  Indeed, a standard 3D model is made BIM-compliant through the use of object 
orientation data and the information within the database supporting the model itself (Demian 
& Walters, 2014, p. 1154).  BIM also enables parametric modelling: a process whereby 
information such as materials, fire protection and connection forces are pre-loaded into the 
model’s components and linked to allow, for example, structural loads to be automatically 
updated as the shape or geometry of the building is adjusted (Beesley, et al., 2006).   
 
AEC projects create and use huge amounts of data, not just through implementing BIM 
protocols.  As identified by Floridi (2014, p. 13) enough new data is being generated daily to 
refill all US libraries several times over.  While this generation of data is not limited to the AEC 




Alongside Building Regulations (minimum required standards for UK construction projects) 
there are also standards and regulations relating specifically to the design process.  In relation 
to BIM these standards are outlined in Publicly Available Standard (PAS) 1192, a suite of codes 
of practice, protocols and procedures covering the “collaborative production of architectural, 
engineering and construction information” (CIC, 2013 & BSI, 2016).  In addition there are 
international, European and other local standards as shown in table 1 (BIM Environment 
Standards) below:    
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 EN ISO 19650-1 - Information management using building 
information modelling - Part 1: Concepts and principles 
 EN ISO 19650-2 - Information management using building 
information modelling - Part 2: delivery phase of the assets 
 ISO 22263:2008 - Organization [sic] of information about 
construction works - Framework for management of project 
information 
 ISO/TS 12911:2012 - Framework for building information 
modelling (BIM) guidance 
 ISO 29481-1:2016 - Building information models - Information 
delivery manual - Part 1: Methodology and format 
 ISO 29481-2:2012 - Building information models - Information 
delivery manual - Part 2: Interaction framework 
European CAN/TC 
442 
 prEN ISO 29481-1 – Building information models - Information 
delivery manual - Part 1: Methodology and format 
 EN ISO 12009-3:2016 - Building construction - Organization [sic] of 




BSI B/555  BS 1192:2001 – Collaborative production of architectural, 
engineering and construction information – Code of practice 
 PAS 1192-2:2013 – Specification for information management for 
the capital/ delivery phrase of construction projects using 
Building Information Modelling 
 PAS 1192-3:2014 – Specification for information management for 
the operational phase of assets using Building Information 
Modelling 
 BS ISO 12006-3:2007 – Building construction.  Organization [sic] of 
information about construction works.  Framework for object-
oriented information 
 BS 8541 (Parts 1 to 6) – Library objects for architecture, 
engineering and construction 
 BS ISO 29481-1:201 – Building information modelling.  Information 
delivery manual: methodology  
 
Table 1: BIM Environment Standards (after Eadie, et al., 2014 and Pasini, et al., 2016) 
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The Wedge 
The Bew-Richards BIM Maturity Model (illustrated below) is designed to highlight the standards, 
guides and classification systems required for designing in different ‘Levels’ of BIM: 
 Level 0 BIM is likely to be 2D, with information shared via traditional paper drawings 
(or in some instances, digitally via PDF) as separate sources of information  
 Level 1 BIM is a mix of 2D and 3D information with a Common Data Environment (CDE) 
providing a collaboration tool  
 Level 2 BIM uses information from federated models shared within a CDE  
 Level 3 BIM has yet to be formally classified   
 
 
Fig 15: BIM Maturity Model – “The BIM Wedge” (Bew & Richards, 2016) 
 
Object Libraries  
One of the main benefits of BIM is the use of object libraries, which allow for standard items 
to be re-used, retaining all their embedded information.  As with a ‘traditional’ library, each 
item in an object library must be easy to identify (Chen, et al., 2017).  Items are classified 
into “families” and “sub-families” (such as “furniture” and “office furniture”) to further 
improve selection.  These object libraries are usually developed in-house by AEC design 
professionals from either previous projects or from information provided by manufacturers.  As 
identified by Duddy, et al. (2013, p. 389) this approach can lead to of issues including: 
 Duplication of effort when creating items 
 Available objects restricted to the needs of the creating firm 
 Data encoded in objects may not be up-to-date 
 Disparities in the naming of individual objects 
 
In the UK, this issue is being addressed through initiatives such as NBS’s National BIM Library 
which contains both manufacturer and ‘generic’ BIM objects covering items applicable to a 
variety of AEC disciplines.   
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Fig 16: Detail of a standard single door from the NBS BIM Library (NBS, 2017b) 
 
The “Why” of BIM 
BIM’s strength lies in the associated database containing metadata about each component, 
making the resulting model ‘information rich’.  It is this metadata that allows both the 
building’s contractor and ultimate end-user to utilise the model as well as manage, operate 
and ultimately get the best out of their facility and know at a glance answers to questions such 
as the best sequence to install pieces of equipment, how many square feet of raised flooring 
are in the facility or the parts needed to repair or update something (Hardin & McCool, 2015, 
p. 15).  However, Whitelaw (2017, p. 37) states that some design consultants find it hard to 
see the benefits of outputs such as asset management information.   
 
Benefits of BIM 
A significant benefit of designing in a BIM environment rather than using ‘traditional’ methods 
is that data such as materials used in the manufacture of the object(s), user manuals, 
expected performance and other metadata can be appended and embedded in the model.  
These benefits have been realised by projects worldwide including London’s Olympic 
Velodrome (Hopkins Architects, 2011), the 225m tall Leadenhall Building or “the 
Cheesegrater” (Rogers Stirk Harbour + Partners, 2014) and even “the biggest construction 
project in Europe and one of the largest single infrastructure investments ever undertaken in 
the UK”; the stations and associated infrastructure of the Elizabeth line (Crossrail, 2017).   
 
With Crossrail, Transport for London (TfL) estimate that around 1 million separate files have 
been created, approved and integrated within the programme’s centralised model, all of 
which will be novated to the line’s operators (TfL/ Crossrail Ltd, 2016).  This approach has also 
enabled to accurate location mapping of existing utilities and other underground obstructions, 
such as Royal Mail’s former ‘Mail Rail’ system, sewers and structural piles supporting existing 
buildings for the first time (BBC/ Crossrail Ltd., 2014). 
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Fig 17: Utilities beneath Liverpool Street station ticket hall (image: TfL/ Crossrail Ltd.) 
 
Designing in a BIM environment with an appropriate information management strategy brings a 
number of benefits including accurate and consistent drawing sets, synchronisation of design 
and construction planning, support of ‘lean’ techniques, and streamlined supply chain 
management (Becerik-Gerber & Kensek, 2010).  This approach also allows design disciplines to 
better coordinate and deliver successful projects on time and to budget.   
 
One of the main issues with designing in a traditional environment is detecting ‘clashes’.  A 
clash occurs when two or more objects occupy the same place or an item is in the wrong place 
in a design (such as air conditioning ductwork running through structural columns, or taps 
inappropriately placed nowhere near a sink, basin or drainage point).  A coordinated BIM 
allows for virtual construction of facilities prior to their physical construction, allowing for 
easier clash detection and reducing design risks associated with human error, rather than 
during the construction phase when changes are more complex and costly (Mu [Design 
Manager; Civil Engineering], 2017). 
 
Efficiency 
Productivity in AEC companies is historically poor when compared to other industries (McKinsey 
& Company, 2016).  Repeating efficiencies associated with BIM adoption across all construction 
projects would further improve productivity and ultimately reduce costs.  Indeed, NBS (2016) 
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notes that BIM is playing a significant role in increasing the efficiency of government 
construction spending: in 2014/15, £855m was saved on existing schemes.  It adds that “the UK 
is leading in providing standards and descriptions of BIM, and other countries are using these as 
a template for best practice”.   
 
 
Fig 18: Productivity in the AEC sector vs other industries (McKinsey & Co., 2016) 
 
The Times They Are A-Changin’ 
Implementing any process or technology brings together people, process and technology: 
 
 
Fig 19: People, Process & Technology 
 
The pace of technological change in the construction industry is unprecedented, with the 
information generated through the design process having a huge number of applications: many 
of which have not yet been considered.  Brynjolfsson and McAfee (2012, p. 5) believe that the 
world is in the throes of a global “great restructuring” with technology changing at a 
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significant pace.  They continue, saying that it is incumbent upon humans to come up with 
strategies that allow us to race ahead with machines instead of raging against them.  This is 
particularly true for the AEC industry. 
 
According to Troppi (2017), the issues facing architecture and design communities include 
collaborative processes (including information sharing protocols) “leave much to be desired” 
and tools for BIM creation and information sharing “need improvement.”  Thus if BIM is to work 
correctly as a process, the flow of information from the design stages through to construction 
and operation of the building must be available within the model.  Accordingly, logical 
information structures are vital to BIM’s success (Hamil, 2012) along with appropriate 
communication channels (Cole-Colander, 2003, p. 361).   
 
In spite of the rise of BIM in the construction industry and wider society’s increasing use of 
information technology, the AEC industry has largely failed to embrace new processes and 
technologies.  The adoption of IT in the AEC industry has been piecemeal and only very few 
contractors have comprehensive and integrated information systems for their core businesses, 
with the exception perhaps of accounting systems.  According to Mak (2001, p. 257), it is 
perhaps high time that the construction industry captures the fast-growing and ubiquitous 
Internet technologies.   
 
McKinsey & Company have identified “five trends” (see fig 20, below) they expect to disrupt 
the AEC industry in the coming years.  These include future-proofing design and construction 
with what they call “materials and methods of the future”, but the other four trends all have a 
base in information management. 
 
This expected disruption and increasing global demand outlined above represent a huge 
incentive for those working in and alongside the AEC industry to transform how projects are 
planned, managed and delivered.  Improved understanding of processes involving information 
management, collaboration and data sharing including BIM methodologies all represent 
opportunities for differentiation within the discipline of information management and for 
those working in the wider AEC industry. 
 
 
MSc Information Science 









Fig 20: Five trends expected to disrupt the AEC industry (from McKinsey & Co., 2016) 
 
AEC projects worldwide are growing larger and more complex, not least with increasing 
demands for environmentally sensitive construction.  The sector has improved over the past 
few years but must embrace new ways of working, including understanding the value of the 
information within the projects being undertaken.  Research suggests a spend of nearly US$60 
trillion will be needed in construction between 2015 and 2030 to keep up with the expected 
growth in global GDP (Agarwal, et al., 2016).   
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Chapter 4: Research Methodology 
This section considers the methodologies used for the research undertaken for this project, 
including the reasons for the questions that were asked in both questionnaires and interviews, 
and how the respondents were identified.   
 
Questionnaires are used in a wide range of settings to gather information about the opinions 
and behaviour of individuals.  As with any form of research or science, the questionnaire must 
be thoroughly tested to ensure the collected data is meaningful (Williams, 2003).  Online 
questionnaires offer fast, cheap ways of collecting data can provide a targeted list of 
respondents (Witt, 1997, p. 15) so this method was chosen as the primary means of circulation.   
 
A pilot questionnaire was created and tested with a small number of individuals before being 
circulated among a cross-section of individuals working at a number of levels of seniority 
across a variety of design disciplines in the AEC industry.  The questionnaires were augmented 
with a series of one-to-one interviews conducted in a semi-structured setting. 
 
Underlying Research Paradigm 
According to Newman and Benz (1998) there are three main approaches to primary research: 
quantitative, qualitative and mixed methods.  Qualitative and quantitative methods represent 
different ends on a spectrum with mixed methods incorporating elements of both approaches 
appearing in the middle.  Creswell (2013) develops this stating that quantitative research 
methods employ inventories or questionnaires to collect data while a qualitative approach 
assumes that the researcher is used as the primary instrument in the collection of data, and 
illustrates the methodologies thus: 
 
Quantitative Qualitative Mixed Methods 
 Experimental designs 
 Non-experimental 
designs such as surveys 
 Narrative research 
 Phenomenology 
 Grounded theory 
 Ethnographies  
 Case studies 
 Convergent 
 Explanatory sequential 
 Exploratory sequential 
 Transformative, 
embedded or multi-phase 
 
Table 2: Research Designs (Creswell, 2013) 
 
Quantitative Research 
Positivist or quantitative research is a way of collecting data for conversion into useable 
statistics.  Sale, et al. (2002, p. 44) state that this paradigm is based on empirical research 
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and the assumption that “there is only one truth, an objective reality that exists independent 
of human perception”.  Quantitative methods involve the investigator or researcher comparing 
groups or correlations to describe and measure associations or relationships between sets of 
scores, using measurable data to formulate facts and uncover patterns in research (Creswell, 
2012).   
 
Among others, Fereday and Muir-Cochrane (2006, p. 81) state that deductive and inductive 
approaches are the main forms of quantitative research.  A deductive approach to research is 
when a hypothesis has been developed from an existing theory, using data to test its 
implications (Gray, 2009).  An inductive approach, on the other hand, begins with a researcher 
collecting data relevant to the topic and looking for patterns to develop a theory that could 
explain those patterns, making broad generalisations from specific observations.  In such 
studies, the investigator must undertake their research without influencing or being influenced 
by it (the Hawthorne effect) meaning the study takes place as though it were happening 
“through a one-way mirror” (Guba & Lincoln, 1994, p. 110). 
 
Qualitative Research 
According to Ruskin (2014), a qualitative (or post-positivist) study is one which “considers a 
social or human problem, based on building a complex, holistic picture conducted in a natural 
setting”.  Creswell (2013) states that qualitative research represents “an inquiry process of 
understanding” and suggests that it revolves around one of the following six themes: 
 An exploratory and descriptive focus 
 Emergent design 
 Data collection in the natural setting 
 Emphasis on ‘human-as-instrument’ 
 Qualitative methods of data collection 
 Early and on-going inductive analysis 
 
Qualitative research explore meanings that individuals or groups ascribe to social issues.  
These studies typically involve the collection of data, usually in the participants’ setting with 
the researcher interpreting the meaning of the resulting data.  One approach to qualitative 
research is ‘discourse analysis’, which van Dijk (1997) notes should provide insights into 
structures or strategies that could not readily be given by naïve respondents.   
 
Other styles of qualitative research include “the discovery of theory from data” as described 
by Glaser & Strauss (2000); studies that analyse naturally-occurring, oral and/ or written 
narrative materials (Lieblich, et al., 1998); ethnography, described by Agar (1996, p. 161) as 
the record of “observations, conversations, interpretations and suggestions for future 
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information to be gathered”; phenomenology, which Merleau-Ponty refers to as “a matter of 
describing, not of explaining or analysing” (Merleau-Ponty, 2013, p. viii); and interpretivist or 
antipositivist approaches which Crotty (1998) states look for culturally- and historically-derived 
interpretations of the social world in the belief that the social world should not be subject to 
the same methods of investigation as the natural one.  Techniques used in qualitative studies 
include interviews and participant observation (Reid, 1996, p. 387).   
 
Mixed Methods 
Described by Creswell and Plano Clark (2011) as the “third methodological movement”, this 
methodology involves the collection and integration of both qualitative and quantitative data.  
Mixed methods research also provides a more complete understanding of the research 
question, collecting, analysing and interpreting qualitative and quantitative data relating to 
the same underlying phenomenon (Leech & Onwuegbuzie, 2009, p. 265).   
 
Steckler et al. (1992, p. 5) describe the concept of mixed methods research through four 
models illustrating the ways in which quantitative and qualitative research can be collected 
and integrated into mixed methods research (see below).  These models show both qualitative 
and quantitative methods and use arrows to show the sequence of activities in a mixed 
methods approach.  Models B and C are similar (although the process begins with qualitative 














Model B: Qualitative methods explain quantitative findings 
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Model D: Qualitative and quantitative methods used equally and in parallel 
 
 
Fig 21: Four Research Models (Steckler, et al., 1992, p. 5) 
 
Research Methods Used 
In the case of this paper, a hypothesis has not been used.  Instead a proposition has been used 
to form the rationale behind the research with the aim of considering the subject area.  It was 
not intended to corroborate an existing or proposed theory: it was intended to establish 
patterns, meanings and consistencies.  In order to gain a better appreciation for how 
information is managed, processed, stored and distributed between those participating in AEC 
projects, it was necessary to gather as much information as practically possible in a relatively 
short space of time.  It was appropriate to choose a ‘mixed methods’ approach to the research 
as choosing either a qualitative or quantitative approach could have resulted in 
generalisations, leading to inappropriate conclusions.   
 
A questionnaire was circulated among 150 AEC professionals from a broad spectrum of 
disciplines at assorted levels of seniority, experience and qualification.  This method was 
chosen as it had the greatest potential for providing a comprehensive data sample which could 
be analysed for patterns, allowing meaningful conclusions to be drawn.  Respondents had the 
option to remain anonymous as it was necessary to ensure genuine answers were recorded.  
However, research by Smith (1997) suggests that those answering online questionnaires often 
do not believe that they are anonymous.  With this in mind, all participants were assured that 
their responses would not be traceable to them unless they provided their contact details.  
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Questionnaire Construction 
It was made clear at the beginning of the questionnaire that respondents had the opportunity 
to leave or omit their e-mail address (and thus stay anonymous if they so wished).  Those who 
provided their e-mail address were asked if they were prepared to take part in more in-depth 
one-to-one interviews at a later date.  Most of the questions were closed multiple choice 
questions as these offered the ability to compare numbers of responses.  The final two 
questions allowed for respondents to give ‘essay’ answers.  It was intended that these 
responses would inform questions for the planned in-depth interviews as well as give scope for 
further research in their own right.   
 
The questions were chosen and the questionnaire’s construction finalised in late July 2017, 
before being circulated a few weeks later in early August.  The questionnaire used for this 
paper’s research is available in Appendix 3 (Questionnaire).  In early October 2017 while the 
responses from this paper’s research questionnaire were being collated, the AEC industry 
periodical Building Magazine circulated its own questionnaire; the questions within bore some 
resemblance to the questions used for this paper’s research (Building, 2017; see Appendix 4, 
Building Magazine’s BIM Survey [October 2017]).  
 
One-To-One Interviews 
Reid (1996, p. 388) suggests that small samples of articulate respondents are used because 
they can provide important information rather than because they represent a larger 
population.  5% of the questionnaire respondents were ultimately chosen to take part in one-
to-one interviews which followed a consistent theme while allowing for the posing of 
additional questions dependent on the context as outlined by Saunders, et al. (2009).  These 
interviews revealed opinions and thoughts on the ‘what’ as well as the ‘how’ but placed most 
emphasis on the ‘why’ (Saunders, et al., ibid.).   
 
Interviews were chosen as part of the research methodology as they are capable of providing 
valuable insight into complex issues.  Bauman and Adair (1992, pp. 10-13) identified five 
qualitative interview types from their literature review: 
 In-Depth, Unstructured, Unstandardized [sic]  
 Structured In-Depth  
 Focused  
 Psychological Clinical  
 Ethnographic  
 
This paper’s researcher had some knowledge of the subject under discussion but presented as 
someone “genuinely ignorant of their respondents’ subjects or subject matter” (ethnographic) 
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through the use of “a specific set of topics covered during the interview” (structured in-
depth).  This combined approach was chosen in order to encourage respondents to answer the 
questions in order that they could be understood by with little or no knowledge of the AEC 
sector, and to give a common baseline for responses to be compared.  The transcripts from 
these interviews are available in Appendix 6 (Interview Transcripts). 
 
Data Gathering & Analysis 
The questionnaire used for this research considered the eleven principles for the design of 
online questionnaires as outlined by Dillman, et al. (1999).  It was important that the 
questionnaire was user-friendly in order that it would appeal to the widest possible audience, 
while also allowing for the collection of appropriate amounts of data in order to inform the 
research.  It was also important to bear in mind that:  
…no single method [of research] has been so abused… Anybody can write 
down a list of questions, but producing worthwhile and generalisable data 
from questionnaires needs careful planning and imaginative design 
Boynton & Greenhalgh, 2004 
 
Questionnaire Design 
In light of Boynton & Greenhalgh’s comments (above), the questions were limited to 15 single 
or multiple-choice options with two free-text or ‘essay’ questions towards the end.  The final 
question asked the respondent if they wished to take part in further research (on a one-to-one 
interview basis) with the option to leave their contact details.   
 
The rationale for the chosen questions is as follows: 
1. How old are you? 
The purpose of this question was two-fold:  
 Anecdotal research suggests that people expect to be asked their age (within 
reason) when responding to questionnaires, meaning it was a good opening 
question 
 Empirical research suggests older people (and by extension those with longer 
professional histories) are generally less open to change than those new to 
their chosen career path (Hardeman, et al., 2002; Siemens, 2005).      
 
2. How would you describe your gender? 
Evidence suggests that women are under-represented in STEM (science, technology, 
engineering and mathematics) subjects and careers when compared to men (Shen, 
2013, p. 22; UNESCO, 2016; Cheryan, et al., 2017 and Christie, et al., 2017, p. 2).  This 
question was intended to ascertain the size of this gap and ascertain whether gender 
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had an impact on the response data.  The question was couched inelegantly to respect 
those whose gender is not the same as that assigned at birth (and allowed for an option 
for ‘rather not say’, for reasons both of privacy and ethics).  
 
3. How many employees in your organisation? 
The intention was that the respondents would be chosen from a variety of organisations 
to draw parallels or distinctions between company size and appetite for BIM, 
collaboration and information sharing. 
 
4. Which of these disciplines best describe your current role? 
The researcher’s experience suggests differences of approach to information sharing 
and BIM adoption between and along discipline lines.  This question was designed to 
establish whether or not this was an appropriate assumption. 
 
5. How many years’ experience do you have in your field? 
6. How would you describe your understanding of BIM? 
7. In your opinion, how important is BIM to the engineering and design industries? 
These questions were prompted by research that suggests traditional AEC design skills 
(and by implication those with long career histories) do not react well to technological 
changes (Eastman, et al., 2008; Kairos Future/ WSP, 2014).  This implies that further 
training and understanding are required before the introduction of formalised 
collaboration and information sharing strategies such as BIM can reach a critical mass.  
These questions were included in order to determine whether this was the case.   
 
8. How much of your time is spent designing in a collaborative/ BIM environment? 
9. How many of your most recent projects were designed in a BIM environment? 
Following the BIM 2016 Mandate (explored in Chapter Three, above) the researcher felt 
it necessary to ascertain how many projects were designed in a collaborative or BIM 
environment, with an estimate of how much time this represented as part of the 
working week.  This followed research by Eadie, et al. (2013, p. 146) which suggests 
that BIM is not being exploited to its full potential. 
 
10. How important is information sharing in a collaborative/ BIM environment? 
This question was intended to find out how respondents felt about information sharing 
when working in a collaborative/ BIM environment.  It was also intended to highlight 
that all BIM projects involve collaboration, but not all collaborative projects are BIM 
projects. 
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11. How many of your projects involve sharing information between teams? 
The aim of this question was to ascertain how important respondents felt information 
sharing was to any project environment; BIM or otherwise.  Research by Hirsch, et al. 
(2001) suggests that many in the AEC industry work both collaboratively between 
disciplines as well as in individual silos depending on the requirements of the project. 
 
12. What’s the best way of exchanging information in a BIM environment? 
As identified in Chapter Three (Literature Review) multi-disciplinary teams typically 
collaborate in four different ways (Huifen, et al., 2003, p. 614).  AEC projects are 
increasingly undertaken by teams based in a variety of locations, making information 
exchanges increasingly important (Shen, et al., 2010, p. 22).  This question was 
intended to determine what AEC professionals felt were the best methods for 
exchanging information.  
 
13. How important is information sharing when designing in a BIM environment? 
The basis of this question was different to question ten as it was intended to reflect 
the respondents’ thoughts on how they share information when working within a BIM 
environment rather than how important they think it is, building on the work of Winch 
(2008), Shen, et al. (2010) and Maurer (2010). 
 
14. What is the main barrier to designing in a BIM environment? 
This question was prompted by NBS research (2015) which showed that a lack of 
training and in-house expertise (67% and 74% respectively) were cited as two barriers 
to the implementation of BIM methodologies.   It should also be noted that BIM requires 
contractors to be heavily involved in the design process from early in the design 
process, meaning their ability to reject responsibility for design errors is reduced 
(Woolford, 2010).   
 
15. Why do you think clients ask for design to be carried out in a BIM environment? 
Research commissioned by NBS (2015) suggests that in spite of the UK Government’s 
BIM 2016 mandate, clients do not necessarily understand the advantages of designing in 
a BIM environment, and private and third sectors are unwilling to pay for this service as 
they do not understand the benefits. 
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16. What do you think would help increase the number of projects designed in a 
collaborative/ BIM environment? 
17. Is there anything else you’d like to say about the sharing of information in 
collaborative/ BIM environments? 
These questions were intended to add further scope to the research.  It was thus 
important that respondents’ thoughts were captured and recorded, so these questions 
were posed as free-text or essay responses, in contrast to the preceding single- or 
multiple-choice questions.  This section was also intended to identify those who were 
willing to be interviewed at a later date to add to the qualitative research. 
 
18. If you would agree to be contacted about further participation in this study, including 
an interview, please let me know your e-mail address or phone number. 
While it was important that respondents understood the questionnaire was anonymous 
in order to ensure genuine responses were gathered, this question was included to 
assist in choosing individuals prepared to take part in in-depth interviews. 
 
A blank copy of the questionnaire used in this study is available in Appendix 3 (Questionnaire). 
 
Choice of Respondents 
A number of individuals were known to the researcher personally and were emailed a hyperlink 
to the questionnaire in order that they could complete it at their leisure.  Respondents were 
also encouraged to forward a link to the questionnaire on to others working in the AEC industry 
in a method known as “snowball sampling” (Goodman, 1961, p. 148; Berg, 2006; Noy, 2008, p. 
328 and others).   
 
Data Analysis 
Exploratory data analysis was used to interpret the results as well as to explore and identify 
arising themes and issues (Saunders, et al., 2009).  These themes and issues were in turn 
gathered and compared with the Literature Review (Chapter 3) for use in the Discussion 
(Chapter 6).  The interviews were transcribed (see Appendix 6, Interview Transcripts) with 
themes associated with the Literature Review and the Discussion, based on theories about 
mixed methods research, as outlined by Sandelowski (2000, p. 250) and others. 
 
Ethical Considerations 
It is unethical for an interviewer or questionnaire composer to impose their beliefs onto the 
respondent(s) and the researcher must remain sensitive to their respondents (Lansley, 2017).  
In light of this, those who chose to take part in the research process were informed of the aims 
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and objectives of the research, and informed consent was acquired through the use of consent 
forms prior to the collection of the data.   
 
It was also agreed with all questionnaire respondents and interviewees that the results of data 
collected as part of the research process remained (and remains) anonymous with the 
exception of each respondent’s professional discipline; this was to ensure that responses 
received were not ‘guarded’ or over-considered, particularly in light of research by Smith 
(1997) as outlined above.  Respondents were also given the opportunity for their responses to 
be removed from the collated data if they so requested.   
 
Copies of blank consent forms are located in Appendix 3 (Questionnaire) and Appendix 6 
(Interview Transcripts).  
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Chapter 5: Qualitative & Quantitative Data   
This paper made use of mixed methods research practices as outlined by Creswell (2013) and 
Steckler et al. (1992, p. 5) as explored in Chapter Four, above.  The quantitative data results 
are described below with a series of Spearman’s and Pearson’s Rank calculations to show 
relationships between some of the data.  Qualitative data from the final part of the 
questionnaire and the one-to-one interviews are explored at the end of this chapter.  
 
Positivistic Data – Questionnaire  
A survey was circulated to individuals representing most major AEC design disciplines with 131 
individual responses received in a six-week period across August and September 2017.  Each 
respondent answered all fifteen multiple-choice questions, with the two ‘essay questions’ 
answered by 79% and 41% of respondents, respectively.  39% of respondents consented to be 
contacted submitting their responses, with the remaining 61% opting to remain anonymous. 
 
Further explanation and discussion are explored in Chapter 6 (Discussion) with the raw data 
displayed in table format in Appendix 5 (Raw Data). 
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Graph 4: Q4 – Which of these disciplines best describe your current role? 





                                              
 
a
 These disciplines were categorised into the following ‘super groups’ for data analysis: 
Project management functions including CAD/ BIM Management, cost consulting/ 
quantity surveying, design management or project management 
39.7% 
Engineering disciplines including building services/ MEP, lighting design, structural, 
civil, geotechnical, transport and other engineering specialisms 
32.1% 
Architecture and related disciplines including landscape architecture and urban 
design/ masterplanning 
22.1% 
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Graph 5: Q5 – How many years’ experience do you have in your field? 
 
About the Respondents – Analysis  
Respondent gender was split at around 70%/ 30% in favour of male respondents.  The age of 
the respondents was similarly unevenly split, with 70% of those questioned being under the age 
of 44 (35% under 34, a further 35% between 35 and 44, with the remaining 28% aged over 45 
and three individuals preferring not to divulge their age).  A substantial majority (86%) of 
respondents worked for ‘large’ companies (i.e. those with more than 1,000 employees).   
 
The main design disciplines made up the majority of the respondents, with architecture and 
‘pure design’ (including landscape and masterplanning/ urban design) representing 22% of 
respondents, while engineering disciplines represented a further 32%.  Project management 
functions (such as design management, cost consulting, quantity surveying and programme 
management) made up just under 40% with the remaining 6% coming from contractor and 
‘business support’ backgrounds. 
 
Over 65% of respondents had upwards of ten years’ experience in their chosen design 
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Respondents’ Experience and Understanding 
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Graph 11: Q11 – How many of your projects involve sharing information between teams? 
Not at all 
important 
2% 



















Most of them 
22% 





MSc Information Science 





Chapter 5: Qualitative & Quantitative Data 48 
 
Respondents’ Experience and Understanding – Analysis  
Over half of respondents said they knew a fair amount or a lot about BIM, with just under 11% 
saying they knew nothing or very little about BIM.   
 
71% of respondents described BIM as either ‘very important’ or ‘absolutely vital’ to the 
engineering and design industries, but 55% said they spent little or no time working in a BIM 
environment in their day-to-day working lives and 50% said that only a small number of their 
most recent projects were designed with formalised BIM methodologies.  And interestingly 59% 
of respondents reported that ‘all or nearly all’ of their projects involve sharing information 
between different parties.   
 
Methods & Barriers  
 
.. 
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Methods & Barriers – Analysis 
Over half (52.6%) of respondents reported that using a ‘common data environment’ was the 
best way of sharing information in a BIM environment, with just over 23% reporting a 
preference for FTP services.  Just over 15% reported a preference for external USB storage 
media or e-mail attachments for information sharing.  A similar percentage (14.5%) of those 
questioned stated they either had ‘no need to design in a BIM environment’ or felt that 
designing in a collaborative BIM environment is ‘a waste of time and resources’.   
 
In contrast to NBS research (2015) which showed that around 70% of respondents felt lack of 
training and in-house expertise were the biggest barriers to designing in a BIM environment, 





Graph 15: Q15 – Why do you think clients ask for design to be carried out in a BIM 
environment? 
 
Clients’ Perspectives – Analysis  
Just under a third of respondents felt that clients chose BIM for inappropriate reasons, perhaps 
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but not necessarily the information embedded in models, with a further 14% suggesting that 
clients chose BIM methodologies because BIM is “a buzz-word”.  23% of respondents felt clients 
chose for their projects to be designed in a BIM environment because of ‘Government rules’ 
(including the BIM 2016 mandate).  41% of those questioned felt that clients grasped one or 
more of the original intentions of BIM, with responses fairly evenly split between those who 
thought clients wanted to construct or maintain built assets more cheaply and/ or efficiently, 
and those who felt their clients benefited from the resulting information-rich models. 
 
Correlations 
A Spearman’s R equation (formally “Spearman’s Rank Correlation Coefficient” or “Spearman’s 
rho”) is designed to measure monotonic relationships between two sets of data: 
ρ = 1 - 
6Σd² 
n(n²-n) 
Equation 1: Spearman’s Rank Correlation Coefficient 
 
The raw data (X and Y) are ranked with ‘d’ denoting the difference between the two.  The 
total sum of this column is then calculated (Σd²), and substituted back into the equation along 
with the value of ‘n’ (the total number of lines of data).  The equation results in a value 
between -1 and +1.  The higher the number, the greater the correlation.  Positive numbers 
show a positive correlation and vice versa.  
 
A Pearson’s R equation (formally “Pearson’s Rank Correlation Coefficient” or “Pearson’s rho”) 
also measures linear relationships between two variables.  Again, the calculation gives a value 
between −1 and +1.  If one variable increases as the other decreases, the coefficient is 
negative; if the two variables tend to change together it is positive: 
ρ x,y = 
cov (X, Y) 
σX σY 
where  
 cov is the covariance (measure of joint variability) 
 σx is the standard deviation of X 
 σy is the standard deviation of Y 
Equation 2: Pearson’s Rank Correlation Coefficient 
 
In this study, Spearman’s R and Pearson’s R were both calculated against measures of 
respondents’ age, discipline and experience in their chosen discipline, and their understanding 
of BIM, thoughts on the importance of BIM to the AEC industry and the time spent designing in 
a BIM  environment in order to measure any correlation between the data.    
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Age-Related Relationships  
 
   
 Spearman’s Rank Correlation Coefficient ρ = 0.1417 positive 
 Pearson’s Rank Correlation Coefficient ρ = 0.0662 positive 
. 
Graph 16: relationship between age and understanding of BIM 
 
 
   
 Spearman’s Rank Correlation Coefficient ρ = 0.1934 positive 
 Pearson’s Rank Correlation Coefficient ρ = 0.1703 positive 
. 
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 Spearman’s Rank Correlation Coefficient ρ = 0.2254 positive 
 Pearson’s Rank Correlation Coefficient ρ = 0.1104 positive 
. 
Graph 18: relationship between age and time spent working in a BIM environment 
 
 
   
 Spearman’s Rank Correlation Coefficient ρ = 0.1703 positive 
 Pearson’s Rank Correlation Coefficient ρ = 0.0236 positive 
. 











































MSc Information Science 





Chapter 5: Qualitative & Quantitative Data 54 
 
Gender-Related Relationships  
 
   
 Spearman’s Rank Correlation Coefficient ρ = 0.2576 positive 
 Pearson’s Rank Correlation Coefficient ρ = 0.0634 positive 
. 
Graph 20: relationship between gender and understanding of BIM 
 
 
   
 Spearman’s Rank Correlation Coefficient ρ = 0.2408 positive 
 Pearson’s Rank Correlation Coefficient ρ = - 0.0115 negative 
. 
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 Spearman’s Rank Correlation Coefficient ρ = 0.2685 positive 
 Pearson’s Rank Correlation Coefficient ρ = 0.0240 positive 
. 
Graph 22: relationship between gender and time spent working in a BIM environment 
 
 
   
 Spearman’s Rank Correlation Coefficient ρ = 0.3231 positive 
 Pearson’s Rank Correlation Coefficient ρ = - 0.0744 negative 
. 
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 Spearman’s Rank Correlation Coefficient ρ = 0.0265 positive 
 Pearson’s Rank Correlation Coefficient ρ = 0.0249 positive 
. 
Graph 24:  relationship between discipline and understanding of BIM 
 
 
   
 Spearman’s Rank Correlation Coefficient ρ = 0.1642 positive 
 Pearson’s Rank Correlation Coefficient ρ = 0.1603 negative 
. 
Graph 25: relationship between discipline and perceived importance of BIM to the AEC 
industry 
                                              

































MSc Information Science 





Chapter 5: Qualitative & Quantitative Data 57 
 
 
   
 Spearman’s Rank Correlation Coefficient ρ = 0.0896 positive 
 Pearson’s Rank Correlation Coefficient ρ = 0.0346 positive 
. 
Graph 26: relationship between discipline and time spent working in a BIM environment 
 
 
   
 Spearman’s Rank Correlation Coefficient ρ = 0.1736 positive 
 Pearson’s Rank Correlation Coefficient ρ = - 0.1181 negative 
. 
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 Spearman’s Rank Correlation Coefficient ρ = 0.0531 positive 
 Pearson’s Rank Correlation Coefficient ρ = - 0.0591 negative 
. 
Graph 28: relationship between experience and understanding of BIM 
 
 
   
 Spearman’s Rank Correlation Coefficient ρ = - 0.0521 negative 
 Pearson’s Rank Correlation Coefficient ρ = - 0.0680 negative 
. 
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 Spearman’s Rank Correlation Coefficient ρ = - 0.0022 negative 
 Pearson’s Rank Correlation Coefficient ρ = 0.0811 positive 
. 
Graph 30: relationship between experience and time spent working in a BIM environment 
 
 
   
 Spearman’s Rank Correlation Coefficient ρ = 0.0072 positive 
 Pearson’s Rank Correlation Coefficient ρ = 0.0721 positive 
. 
Graph 31: relationship between experience and number of recent projects designed in a BIM 
environment 
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Questionnaire Results Not Analysed 
For the purposes of this study, it was decided not to undertake statistical analysis against all 
survey results.  These decisions were taken for the following reasons:  
 Q3: over 85% of respondents were employed by the same organisation as the author of 
this paper, rendering this an inappropriate response to measure against 
 Q10: this question was designed solely to ascertain respondents’ understanding of BIM  
 Q11: 81% of respondents reported that “all/ nearly all” or “most” of their projects 
involved information sharing; more polarised responses were expected 
 Q12: designed for interest and by way of raising further discussion, below 
 Q13: almost 82% of respondents thought information sharing in a BIM environment was 
important or vital; more polarised responses were expected 
 Q14 and Q15: were designed for interest and by way of raising further discussion 
 
Phenomenological Data – One-to-One Interviews 
Nine of the respondents to the original questionnaire were contacted for one-to-one 
interviews.  These individuals were taken from the 39% of respondents who agreed to be 
contacted, and were selected as representatives of a range of professional disciplines and 
levels of seniority.  Emergent issues were gathered, compared and contrasted with the 
Literature Review (Chapter Three) to determine links and emerging themes.  As a result, many 
of the issues which arose from these one-to-one interviews have also been used in the 
literature review itself.   
 
Using ‘grounded theory’ (Saunders, et al., 2009) the data was analysed as it was collected.  
The approach began without prior assumptions as outlined by Gray (2009) allowing  for new 
theories to be explored.  The interviews were transcribed (see Appendix 6, Interview 
Transcripts) to help define themes, with the responses used to develop the findings and add to 
Chapter 6 (Discussion) below.   
 
The questions from the survey which were used as a ‘springboard’ for the interviews were  
 What do you think would help increase the number of projects designed in a 
collaborative/ BIM environment? (question 16) 
 Is there anything else you’d like to say about the sharing of information in 
collaborative/ BIM environments? (question 17) 
 As well as instances where respondents had answered with ‘other’ in response to 
questions 13 and 15 
 
The interviews undertaken as part of the research for this project (Appendix 6, Interview 
Transcripts) added significant confirmatory value.  A word cloud was created from the terms 
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used by the interviewees to illustrate the main themes discussed.  This is illustrated below and 
serves as an aide memoire when considering what the respondents felt was most important. 
 
 
Fig 22: Word Cloud Generated from Phenomenological Data  
 
Collaboration 
Among other issues, respondents identified that it is imperative for the AEC industry to find a 
way to stop working in silos and share their information to deliver projects which are genuinely 
designed in a BIM environment.  The benefits of collaborating and designing in this way cannot 
be overstated (Lambda [Director; Engineering]).  Similarly, teams need to understand that 
situations where drawings are “riddled with errors” and models are not appropriately 
coordinated can be avoided through the use of appropriate sharing of project information (Phi 
[Engineer; Building Services]).   
 
Delta [Architect] said they felt that working in a BIM environment creates a more streamlined 
design process which is both more accurate and more efficient.  Pi [Design Manager, Buildings 
& Urban Design] agreed, saying that teams need to share information in a live format not just 
information which is outdated, even by just a few minutes.   
 
According to Lambda [Director; Engineering], many clients “like the word ‘collaboration’” but 
they need to learn to work more closely with the design teams, including communicating what 
it is they want, including how they want to make use of the virtual model.   
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Software 
IT and software were hot topics for a number of respondents.  Many of them, including Xi 
[Director, Architecture & Design] and Mu [Design Manager; Civil Engineering] felt that 
distinctions need to be made between 3D design, BIM and the software used.  All too often 
clients and designers think that by creating a design in a particular software (usually 
Autodesk’s Revit) they are designing in a BIM environment.  Lambda [Director; Engineering] 
stated that “software is not a magic bullet” and Sigma [Urban Designer] added that it is 
important to ensure the different softwares used by different disciplines are fully compatible 
and set up with the same parameters for each project as “no one piece of software does it 
all”.  However, Lambda also suggested reducing a reliance on software might be something 
worth considering.  Mu [Design Manager; Civil Engineering] stressed that BIM is “not about the 
programme used to create the model; it’s about the data in the model.” 
 
Pi [Design Manager; Buildings & Urban Design] mentioned the use of common data 
environments and document management systems, suggesting that sometimes the software 
chosen for these purposes are “to tick a box in the BIM Execution Plan rather than thinking of 
how the information can all be shared and used”. 
 
Information Sharing  
The sharing of information is imperative to the successful delivery of AEC projects as there is 
often a knock-on effect associated with decisions made by different disciplines.  It is not 
always possible for the whole team to work in one room, particularly with the global spread of 
different organisations and teams.  This means that design teams must remain flexible in the 
ways they share their information.  It remains important, however, for these exchanges to be 
carried out in controlled environments.  Omega [Engineer; Civils & Structures] recalled a 
project where images were exchanged between individuals using the instant messaging service 
WhatsApp.  Surprisingly, these images were not formally seen by the wider team in drawn 
format.  Delta [Architect] summed up their thoughts saying that individuals need to understand 
that “sharing their information pays dividends in the long run”. 
 
Information must also be shared in a timely manner.  Omega [Engineer; Civils & Structures] 
talked about times when there have been long delays between one discipline’s design being 
completed and another discipline integrating that work into their model.  Beta [Landscape 
Architect] builds on this saying that it is important to know the status of the information being 
used, saying “there is no point in using Concept [design stage] information when you’re 
working in Technical Design”.   
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Barriers to Designing in a BIM Environment 
It is acknowledged that there are many barriers to designing in a BIM or collaborative 
environment.  One issue which was raised a number of times was that of intellectual property 
rights.  Sigma [Urban Designer] asked “if everyone’s collaborating, who owns the information 
and design rights?”.  
 
One point raised by Lambda [Director; Engineering] was that no single person is responsible for 
the project from inception to handover and beyond and thus it is difficult to explain what 
constitutes information management for each project.  Some projects are purely speculative, 
meaning there is no end-client to advise what they want to happen to the information being 
created.  This theme was picked up by Xi [Director; Architecture & Design] and Mu [Design 
Manager; Civil Engineering] who both suggest that this could explain why some individuals are 
loathe to collaborate with others outside their organisation or even their discipline. 
 
The sharing of information was also an issue raised by a number of respondents.  Pi [Design 
Manager; Buildings & Urban Design] suggested that those working in collaborative and BIM 
environments seem to resist working in this way because they are “scared of some of the tools 
because they’re new”.  Phi [Engineer; Building Services] agreed, stating that in their opinion 
people are scared of change and tend to say things like “we’ve always done it this way”, 
before adding that “if nobody innovated, nothing would progress.” 
 
Finally, Lambda [Director; Engineering] stated that there is a widespread misconception about 
what constitutes information management, particularly in the AEC industry.  Some individuals 
are concerned that this management and sharing of information will lead to machine learning 
which they fear will take over their jobs so they try to protect their own interests, as 
predicted by Negroponte  in his 1969 paper Toward a Theory of Architecture Machines, as 
detailed above.  However, Lambda points out that “[machine learning] is coming, but the 
original ideas will still come from a human being”. 
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Chapter 6: Discussion 
Previous chapters concentrated on the available literature as well as the results and analysis 
from the questionnaires and interviews undertaken in researching this paper.  This chapter 
considers the findings from this research as well as the validity of the results.   
 
Overview of Significant Findings  
The building of London’s Crystal Palace, Egypt’s Suez Canal and New York’s Empire State 
Building between 1850 and 1930 heralded a ‘golden age’ in construction.  However, the AEC 
industry failed to transform itself for the mid to late 20th Century.  A number of studies have 
identified that the industry is inefficient, that its short-term perspective hampers both 
innovation and technical development and that its performance is low when compared with 
other industries (Rogalski, 2006, Underwood & Isikdag, 2010, Gibbs, et al., 2015, Hardin & 
McCool, 2015 and others).  The publication of the Construction Strategy (Cabinet Office, 2011) 
and increasing adoption of BIM methodologies across the construction industry have challenged 
a number of cultural norms across the sector.   
 
From the literature review, it is clear that a single definition of what constitutes BIM would be 
beneficial.  It should also be remembered particularly that 3D is not necessarily BIM, and that 
designing in a BIM environment can be software agnostic (2017).  Similarly, teams need to 
understand they don’t “do BIM”; they design in a BIM environment.  This differentiation is not 
simply semantic, it is about ensuring an appropriate team atmosphere is in place before work 
starts (Mu [Design Manager; Civil Engineering], 2017).  Similarly, the literature review, 
questionnaires and interviews all broadly agree that information sharing and collaboration 
within and between participants are vital to a project’s success, although there are a number 
of ways in which these processes can and do take place. 
 
According to Hamil (2012) logical information structures are “vital” to the success of BIM, and 
the correct information is increasingly important to those designing in BIM environments 
according to MEP Content (2017, p. 7).  Grewal (2017) agrees and suggests this is often 
overlooked.  It was therefore interesting to note from the results of the survey for this paper 
that 71% of respondents felt that BIM is important or vital to the AEC design industry while 55% 
also said none or a small amount of their time is spent working in a BIM environment.  This 
dichotomy could be explained by suggesting that those working in the AEC design industry 
understand the importance of BIM and robust information management protocols in their 
projects, but that many have yet to work in environments where such behaviour is actively 
encouraged.  Further work and research should be considered in this area.   
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As illustrated in graphs 32 and 33 above, 73% of respondents to a survey for the NBS National 
BIM Report 2016 stated that they felt BIM is “the future of project information” and 59% do not 
believe that BIM is “just for larger organisations”.  The response to the first question is borne 
out by data from research for this paper, but again the question of who should design in a BIM 
environment (i.e. small, medium or large AEC organisations) is a subject which could be 
considered for further research.  
 
Information Management & Collaboration in the AEC Industry 
Until the middle of the 20th Century, the AEC industry embraced innovation.  The 13-week 
replacement of Buckingham Palace’s east façade in 1912, the construction of the Empire State 
Building in the late 1920s and the design of Cumbernauld’s town centre ‘megastructure’ in the 
1950s (all explored in more detail above) took place in what were (and to an extent still are) 
considered innovative design and construction environments.  However, a number of studies 
have identified that the industry has stagnated and remains inefficient, with others accusing 
the industry of having failed to transform itself (Farmer, 2016; Winch, 2003; Dubois & Gadde, 
2002 and Koskela & Vrijhoef, 2001).   
 
Information Management in the AEC Industry 
The uptake of BIM in the AEC design industry following the government’s ‘BIM mandate’ is 
reflected in the significance placed on BIM and information management by respondents to 
research for this paper (71% think BIM is either very important or absolutely vital to the 
industry, and 59% of respondents say that all or nearly all of their most recent projects have 
involved the sharing of information between different design disciplines).  In addition, data 
shows that the rollout of BIM in the public sector has helped secure 20% savings on capital 
expenditure against 2009/ 2010 benchmarks (BIS, 2015, p. 8).  These results highlight the 
importance of BIM and information management to the industry.  Verified data relating to 
these cost savings is only currently available for public sector projects.  However, similar 
results reflected across the private and third sectors would represent a significant amount of 
money, and a significant incentive for clients and those commissioning new buildings to 
implement similar practices and embrace BIM. 
 
The results of the survey undertaken for this paper suggest that there is some way to go: 50% 
of those questioned stated that none or only a few of their recent projects were designed in a 
BIM environment.  In a similar vein, according to a survey carried out for NBS’s 2017 National 
BIM Report for Manufacturers, while manufacturers believe that BIM has the capacity to 
deliver significant benefits to the AEC industry (including reductions in cost and time), 64% of 
those questioned do not believe the government is ‘doing enough’ to enforce the use of BIM on 
projects.  Indeed, over half of the respondents believe that the BIM mandate has not been 
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successful, while just under half believe the process of introducing BIM is ‘on the right track’ 
(NBS, 2017a). 
 
According to research by Bassanino, et al. (2014, p. 200), a significant portion of AEC 
designers’ time is spent in some form of interaction: communicating design concepts both 
through artefacts and visual representations of design are as important as complex design and 
engineering concepts.  Therefore it was surprising that 21% of respondents felt that 
information sharing in a collaborative or BIM environment was either ‘quite important’, maybe 
a little important’ or ‘not at all important’.  Similarly, 12% of respondents stating that they 
‘have no need to design in a BIM environment’ was unexpected.  It should be reiterated to 
those working in the AEC industry that effective information management is important for any 
organisation that wants to achieve high performance (Rogalski, 2006, p. 36). 
 
Innovation & Collaboration in the AEC Industry 
Of course, collaboration is not a new aspect of design in the AEC industry.  Buildings have been 
designed and built by multi-disciplinary teams for thousands of years.  All stakeholders 
included in the design process already work together to design and ultimately deliver their 
projects.  However, the introduction of BIM and robust information management protocols are 
designed to improve information sharing processes, a situation set against a background of the 
‘information revolution’ and the inexorable rise of social networking which itself illustrates the 
fundamental human desire for belonging and interpersonal exchange.  Increased collaboration 
across the AEC industry has led to the development of standard classification schemes such as 
PAS-1192 and IFC (Industry Foundation Class) data sharing protocols.  Harnessing and improving 
the outputs of information sharing across the AEC industry should therefore continue to be 
encouraged. 
 
Information in Buildings 
Continuing the work of Belgian visionary Paul Otlet, Robinson (2015) highlights that there has 
been “considerable debate on the nature of documents” with input from theorists such as 
Briet (1951) and Frohmann (2009) (himself revisiting Buckland (1997)).  In the light of emerging 
technologies (in particular BIM in the AEC industry) buildings can legitimately be seen as both 
repositories of information and documents in their own right.    
 
BIM in the Real World 
As the primary and secondary research above reveals, a BIM can be considered a repository for 
information about a building.  For example, fire ratings are given to walls not solely so the tag 
in the model will be correct, but in order that anyone using the model can tell that the wall is 
fire-rated.  Because it contains this information, the BIM can be used to check that this is the 
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case in the finished building.  A BIM allows users to digest the information about the building 
more efficiently than an annotated 2D drawing, making the process of production more 
efficient.  Information in the BIM can also be used by the asset’s eventual end-users to manage 
it as efficiently and cost-effectively as possible.  The practice of using information in a BIM 
from design to construction is well-understood with a large number of examples of good 
practice.  The same cannot currently be said for using the same information once the building 
is ‘in use’.  Projects such as London’s new Elizabeth line (neé Crossrail) are leading the way 
with this lifecycle use of information, but it remains to be seen how successful this becomes as 
a model for future use and roll-out to other projects.  As an under-researched area of 




In November 2015, New York-based architecture practice Robert AM Stern Architects (RAMSA) 
announced they were working on a project to re-create the original Bank of England building, 
which was extensively remodelled between 1925 and 1939.  They were given access to the 
original drawings in the Sir John Soane Museum’s archive and created a BIM of the original 
building before its remodelling by architect Sir Herbert Baker (Rogers, 2015).  The resulting 
model resulted in CGI renditions which allow architectural historians and other interested 
parties to view the building as it would have been between 1788 and 1925; complete with the 
ability to re-build the original structure elsewhere or display it ‘virtually’.   
 
 
Fig 23: extract of 3D model of Sir John Soane’s Bank of England (image: RAMSA/ BIM Plus 
magazine) 
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With the rise in virtual reality (VR) and immersive experiences, it is a logical step that 
museums and others could, in the future, make use of similar models of existing, former and 
even un-realised buildings and structures to curate ‘experiences’ alongside physical artefacts.  
As outlined by Robinson (2015), these virtual experiences could be similar in format to those 
imagined by Gene Roddenberry in the science fiction franchise Star Trek with the ‘recreation 
room’ (later to be known as the ‘Holodeck’) intended for edification as well as leisure. 
 
Physical Buildings as Documents 
In April 2010, Tower Hamlets council announced that Robin Hood Gardens was to be 
demolished and replaced with a new estate called ‘Blackwall Reach’.  London’s Victoria & 
Albert Museum purchased two flats from the top of the original block  for removal and storage 
as part of the demolition process (Bingham, 2017).  This is arguably a similar move to the 
disassembly and reinstatement of London’s Mithraeum where a previously unknown Roman 
temple was uncovered in the 1950s and moved 500 metres down the road before being moved 
back closer to its original location (MOLA, 2017).  
 
 
Fig 24: Robin Hood Gardens, with V&A-purchased section highlighted (image: Victoria & Albert 
Museum) 
 
Although the V&A-purchased section of Robin Hood Gardens and the London Mithraeum are 
arguably the same structure as when they were originally built (in spite of the remains of the 
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latter being re-assembled with ‘modern’ concrete in the 1960s (Shepherd, 1998)), there 
remains a question over whether the change in context has affected these structures so much 
that they should now be thought of as ‘new’ items for the purposes of consideration and study: 
Keeping a small section is by no means an adequate way of preserving all 
that is important about a great building, but… some sense of the physical 
materiality of Robin Hood Gardens will endure. 
Catherine Croft, director at the Twentieth Century Society 
 
Better Information Management 
The construction design process is complex.  In order for the process to succeed, it is 
necessary to properly manage the huge volumes of information used and created.  Information 
in AEC design projects has historically been exchanged using hard copy drawings, schedules 
and reports (and more recently through the use of PDF files using USB media, FTP sites and e-
mail attachments).   
 
While the implementation of BIM tools and associated information management strategies is 
leading to “a significant incentive to instead use digital models” as the primary means of 
conducting information exchanges (Steel, et al., 2009), many designers still start their work 
‘traditionally’ in 2D environments as they tend to “think with pencils” before progressing their 
design to a stage where it is suitable for sharing with the wider team in 3D environments 
(Sigma [Urban Designer], 2017).  In spite of a relatively slow up-take of BIM across the AEC 
industry, data suggests that quality and efficiency in the construction sector are improved 
through the use of software, particularly BIM software (BIS, 2013a, p. 25).  The literature 
review agrees, with MEP Content in particular adding that 3D modelling is becoming 
“increasingly important” (2017, p. 7) and blogger Zolna Murray asserting that while design 
“develops in the head” hand sketching is just one tool to facilitate design, but technology 
should be encouraged to assist the process (Murray, 2017c). 
 
Research for this paper included evidence suggesting that a number of clients and AEC 
professionals feel that too much effort is put into ensuring the resulting BIM “looks pretty”, 
resulting in what Xi [Director; Architecture & Design] describes as “Hollywood BIM” (2017).  
Those who concentrate on these aspects of the model at the expense of the cost and time 
efficiencies associated with working in a BIM environment need to understand that it should 
not matter whether parts of the model show items in certain colours or textures: that is the 
role of a 3D render and not a BIM (Mu [Design Manager; Civil Engineering], 2017). 
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Realising The Benefits 
If the benefits of designing in a BIM environment are to be fully realised across the AEC 
industry, clients and contractors alike need to understand the benefits associated with robust 
information management policies and procedures.  Some AEC companies have tried to adopt 
innovative productivity-enhancing methods including collection of data from drones and 
construction workers’ smart phones.  However, many companies have legacy systems, 
processes and unique requirements for planning and operations, making change difficult.  The 
adoption of BIM methodologies and other information- and data-sharing operations would 
enhance growth (McKinsey & Company, 2016), leading to a virtuous circle of improvement. 
 
Programmes such as London’s new Crossrail/ Elizabeth line have made a virtue of conducting 
design activities and sharing project information in a fully collaborative BIM environment: 
A BIM environment has not been created on this scale for a European 
transportation infrastructure project before and Crossrail is focusing its 
efforts in exploiting the opportunities BIM can bring…   
TfL/ Crossrail Ltd, 2016 
 
 
Fig 25: Growth in AEC companies between 2005 and 2015 (McKinsey & Co., 2016) 
 
Trust and collaboration are vital to success of AEC projects, as pointed out by Poirer, et al. 
(2015, p. 60).  The industry should be encouraged to share knowledge in order to aid 
understanding of each other’s working methods and aid collaboration (Emmitt & 
Christoffersen, 2009, p. 5.4).  The research indicates that this change will lead to improved 
outcomes, including lower costs.  This represents a seismic change from ‘traditional’ AEC 
working methods and will take some time to take effect.  The work already undertaken in BIM 
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environments on public sector projects, which has increased efficiency of government 
construction spending as identified by NBS (2016) shows that there is significant scope for 
further cost and efficiency savings.  As identified by Gallaher, et al. (2004, p. 6.2), the AEC 
sector’s current approach to interoperability, data management, efficiency and technology has 
cost it approximately 3-4% of total turnover. 
 
Collaborating with Clouds  
AEC projects are increasingly designed in asynchronous distributed, globally-dispersed design 
teams (Huifen, et al., 2003, p. 614).  As identified above, AEC projects are increasingly being 
undertaken by mega-scale international design service provider organisations (Winch, 2008; 
Maurer, 2010).  Clients’ requirements for projects to be designed in BIM environments coupled 
with the associated information management processes and procedures, and the accompanying 
large model file sizes have led to an increased requirement for cloud-based services, which 
can allow virtual co-location and improve collaboration.  Cloud computing allows users to 
access remotely stored data and services from any device with an internet connection.  Those 
working in the AEC design industry, particularly those who are collaborating in a BIM 
environment can benefit from making use of cloud computing to host both the models and 
other project information created by the various actors on a given project (Carigliano, 2017).  
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Chapter 7: Conclusions 
The intention of this paper was to consider the ways in which robust information management 
protocols can improve the design process.  This was prompted in particular by the UK 
Government’s three major reports into performance of the AEC industry and the introduction 
of the ‘BIM mandate’ as well as the need for clients and suppliers to work collaboratively and 
share information formally and more widely both within and between construction projects, 
teams, disciplines and even companies.   
 
Research for this paper has raised a number of questions and a variety of conclusions.  It is 
clear, for example, that a single definition of what constitutes designing in a BIM environment 
would be beneficial and that those working in the industry must improve on the way they share 
information, bringing an end to ‘silo working’ mentalities and opening up to collaboration.   
 
Much of the research which already exists (particularly in the UK) refers to BIM projects in the 
public sector.  This is due, in part, to the BIM mandate as well as the fact that BIM is still a 
relatively novel concept.  However, working in BIM environments has been demonstrated to 
save £855m in procurement costs in the financial year 2014/2015 in public schemes alone.  The 
significance of this figure were it repeated across all AEC projects cannot be underestimated. 
 
Share and Share Alike 
Contractors and designers should also be encouraged to share information and collaborate as it 
is proven that this has a significant impact on project success – or indeed failure.  Coupled 
with the suggestion that new projects offer AEC teams opportunities to do something new and/ 
or distinct each time, ‘lessons learned’ from previous projects should also be encouraged.  The 
“myopic modes of management” identified by Koskela & Vrijhoef (2001, p. 197) should also be 
actively discouraged. 
 
United We Stand; Divided We Fall 
Buildings are often designed by individuals from a variety of organisations and disciplines.  In 
cases where they are designed by one organisation, those involved in the process are usually 
from disparate teams.  These teams and disciplines often have their own preconceived ideas 
about how the project should operate which stem from their own differing cultures (Grilo, et 
al., 2012, p. 158-159; Zelkowicz, et al., 2015, pp. 386-387).  The information sharing protocols 
processes associated with designing in a BIM environment can act as the ‘glue’ for this 
improvement (Steel, et al., 2009) as without collaboration among the design teams there can 
be no single BIM from which the asset can be built. 
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Model Information 
The creation of information-rich BIMs are accompanied by robust information management 
protocols.  Indeed, a BIM’s strength comes from the metadata associated with each component 
in the model.  This allows those interacting with the model or the building itself to get the 
most out of the building when considering management, maintenance and ultimately 
demolition and/ or reuse.  A hugely significant benefit of designing in a BIM environment 
comes from this metadata which includes details of the materials used in particular objects, 
operations manuals, specifications and even expected performance. 
 
In the case of the AEC industry, information can take many forms, with data (the things that 
can be said about an item) just one of them: the amount of water a pump can push, for 
example.  However this data needs to be understood by other disciplines in the design process 
(the pump will have to be a certain size, which will have an impact on the plant room; 
affecting the architect’s drawings.  Similarly it will need to draw a certain amount of power; 
affecting the building services engineer’s information.  In addition, the facilities manager will 
need to have the operations manual so they know how to maintain it).  
 
What’s In A Name? 
Although the term ‘BIM’ has been used to mean ‘Building Information Modelling’ or ‘Building 
Information Management’ since 1992, there is still no one, single definition of what the term 
actually means.  RIBA, NBS, a variety of law firms and individuals across the industry have 
argued for one definition for many years.  AEC industries outside the UK refer to collaborative 
3D model creation and management by other names – in the United States, for example, 
similar processes are referred to as “IPD” (Integrated Project Development).   
 
Unfortunately the concept of BIM has suffered from this lack of agreed definition and is in 
danger of being disregarded by all but the most ardent of enthusiasts.  It has been suggested 
by a number of bloggers and influential voices in the AEC industry that the mnemonic should 
be re-purposed to mean “Better Information Management”, and that a new phrase or work 
adopted for this improved way of working.  Either way, there must be an agreement that 
working in a collaborative environment is not the same as ‘doing BIM’. 
 
Everything Changes 
The biggest change facing those working in the AEC design industry is that they are no longer 
expected to produce 2D drawings, separate schedules and reports, but to produce virtual 
models representing real assets.  The formation of fully-coordinated 3D virtual models is 
undoubtedly more complex than the creation of ‘traditional’ 2D drawings: this needs to be 
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fully understood by clients and design teams alike.  However, as shown in the literature review 
for this paper, big organisations are not immune to the rise of technology – the demise of 
organisations such as Blockbuster and Kodak, for example, or the Betamax-VHS ‘format wars’ 
of the 1970s and 1980s as well as the rise and fall of Sony’s Walkman all show that change is 
inevitable.  The advantages of designing in a BIM environment (or simply one where 
collaboration and information sharing are actively encouraged) are manifold: this needs to be 
appreciated by all those working in the AEC industry.   
 
Research Considerations  
The lack of significant correlations in the questionnaire results data was surprising: closer 
correlations were expected between age and understanding/ acceptance of information 
sharing and BIM methodologies as well as closer correlation between disciplines and 
understanding/ acceptance of information sharing/ BIM methodologies.  At the outset of the 
research, it was anticipated that younger respondents would view BIM and information sharing 
more favourably than their older counterparts.  Similarly, it was anticipated from anecdotal 
evidence that engineers would view BIM more favourably than their architectural colleagues. 
 
The lack of significant correlations could be due to a number of factors: 
 The sample size was relatively small: only 131 individuals responded to the survey.  A 
sample of this size is not really representative of the industry as a whole 
 Respondents were mostly from one organisation: over 85% of those questioned work for 
the same organisation 
 The analysis tool used may not have been appropriate for the data: a Mann–Whitney U 
test or analysis of variance (ANOVA) test on the data may have offered different results 
 Some of the questions could, in hindsight, seem repetitive:  
o Questions ten and 13 (“How important is information sharing in a collaborative/ 
BIM environment?” and “How important is information sharing when designing 
in a BIM environment?” respectively) could have been worded differently.  They 
were intended to ascertain the difference between collaborative and BIM 
environments as there is a tendency to inappropriately conflate collaboration 
and BIM as one and the same thing 
o Similarly questions nine and 11 (“How many of your most recent projects were 
designed in a BIM environment?” and “How many of your projects involve 
sharing information between teams?” respectively).  These two questions were 
intended to tease out the same difference between how respondents perceived 
‘BIM’ and ‘collaboration’, as in the above example 
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Validity of the Results 
Due to the limited time in which this research took place, the number of questionnaire 
respondents and interviewees was constrained.  In order for this research to have greater 
validity, it would be appropriate for more respondents to be interviewed and invited to 
respond to questionnaires.  A more even split in age, gender, discipline and years of 
experience would also improve the legitimacy of the results.  While this project’s researcher 
has their own opinions regarding the subject matter, the sampling and analysis were 
completed objectively; in line with research ethics outlined by Lansley (2017) and Smith 
(1997), as referenced above in Chapter Four (Research Methodology). 
 
And Finally 
In an increasingly computerised world (Beta [Landscape Architect], 2017) full of social 
networks, tele-conferencing and impersonal algorithms, face-to-face proximity (identified as 
‘same place, same time’ collaboration by Huifen, et al. (2003, p. 614)) is something we all 
value increasingly (Pi [Design Manager; Buildings & Urban Design], 2017).  The robots may be 
coming, but “they can’t make anything like the conversation we humans enjoy” (Hobsbawm, 
2017).   
 
Whatever happens with BIM, one thing is certain: information management is becoming 
increasingly important to the AEC industry, in construction, design and asset management.  
Those involved “can lay down in front of the train or they can get on board” (Sorkin & 
Redford, 2001).  The findings from this research would suggest the majority of those in the 
AEC design industry wish to get on board.  However, it remains to be seen if contractors, 
building users and clients can be convinced of the need to join them. 
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Chapter 8: Future Work 
This research has identified that information management is becoming increasingly important 
to the AEC industry.  Further studies should be undertaken to investigate the ways information 
management impacts on various aspects of the AEC industry and the built environment.  Some 
of the issues identified in this paper which could be considered for future research are 
detailed below. 
 
Other Construction Industry Sectors & Organisations  
The majority of the primary data obtained for this research (85.9%) was acquired from 
individuals working in one multi-disciplinary AEC company, and was itself a continuation of 
previous work undertaken by the researcher.  It would have been useful to obtain views from 
individuals from other AEC design environments such as “signature” and specialist architects’ 
studios, pure engineering companies, and other multi-disciplinary organisations, as well as 
those working in facilities management, contracting and off-site fabrication.   
 
Building Documents 
Greek philosopher and scientist Aristotle is credited with saying “the whole is greater than the 
sum of its parts”.  Swiss artist Ursus Wehrli published The Art of Clean Up: Life Made Neat and 
Tidy, showing pictures of everyday items broken down into their constituent parts, as 
illustrated below:  
 
 
Fig 26: Fruit Salad (Wehrli, 2013) 
 
The same can be said of buildings, and Wehrli’s art could equally apply to them.  As explored 
above, the phases of a building’s design involve the creation and amalgamation of a huge 
amount of information, from drawings and operations manuals to product specifications and 
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physical models.  Continuing the work of Briet (1951), Walsh (2011), Latham (2012), Buckland 
(2013) and others about items that can be considered documents, it stands to reason that this 
list can include buildings.   
 
Over the course of history, countless buildings and artefacts have been destroyed.  For 
example, a 2,000 year-old Mithraeum (Temple of Mithras) was discovered in late 1954 during 
excavation works for a new office block.  The whole site was moved to a new site 500 metres 
away between 1954 and 1961 for reassembly and display to the public (Shepherd, 1998) where 
queues of 30,000 people visited it (MOLA, 2017, p. 85).  The carvings from the temple were 
displayed in the Museum of London while other stones were lost (Lyon, 2007).  The structure 
has been moved again, this time closer to its previous location.  The public outcry surrounding 
the moving of the temple in the late 1950s led to new formal guidance on how archaeological 
remains should be treated (Kennedy, 2012).  The question of whether or not the structure is 
the same Mithraeum as was built by the Romans is open to question.  
 
  
Fig 27: The bust of Queen Nefertiti displayed 
in Berlin’s Neues Museum (image: Getty) 
Fig 28: The Other Nefertiti (image: Jan 
Nikolai Nelles & Nora Al-Badri) 
 
In 1912, a German archaeological team discovered the bust of Queen Nefertiti (see fig 27 
above, left) and took it with them back to Germany where it has stayed ever since.  In 2016, 
artists Nora Al-Badri and Jan Nikolai Nelles revealed that they had covertly scanned the 3,500 
year-old Egyptian bust of Queen Nefertiti while visiting Berlin’s Neues Museum and created a 
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3D model.  The artists called their piece  “The Other Nefertiti” (Voon, 2016) and donated a 
copy to the American University of Cairo, saying: 
The head of Nefertiti represents all the other millions of stolen and looted 
artefacts all over the world currently happening, for example, in Syria, Iraq, 
and in Egypt. A vast number of [artefacts] can be found in Western museums 
and private collections. 
Jan Nikolai Nelles & Nora Al-Badri 
 
Following their capture of Palmyra in Syria, terrorist group Da’esh announced their intention 
to destroy “polytheistic” statues (those designed for the worship of or belief in multiple 
deities).  A month after the capture of the city, they announced the destruction of the 3.5m 
(11ft) high Lion of Al-lāt statue (BBC News, 2015a).  In late August 2015, Da’esh announced 
they had destroyed the 1st-century Temple of Baalshamin (AFP, 2015) followed a few days 
later by the destruction of the Temple of Bel (BBC News, 2015b) and the 2nd-century AD 
Tower of Elahbel (AP, 2015).  Multiple photographs and other documentation concerning these 
artefacts exist (Cunliffe, et al., 2016, p. 20).   
 
Whether these records and surveys are suitable alternatives to those which have been 
destroyed, or if any new structures could be considered as important as the original ones is 
open to debate.  Another significant question surrounds the ownership of the data created 
from scanned models: should this metadata be owned by local communities or national 
governments from where the scanned object resides, the company creating the scan, or 
perhaps another body such as UNESCO.  Whatever is decided in these situations, the 
information in these virtual models is perhaps now as vital as the buildings themselves once 
were (Roth, 2016; Peri Charitable Foundation/ V&A Museum, 2017 and Hunt, 2017). 
 
Walking the Talk 
As noted above, 71% of respondents to the research for this paper felt that BIM is either vital 
or important to the AEC design industry while 34% said that small amount of their time is spent 
working in a BIM environment (and 21% said that none of their working time was spent in this 
way).  A logical supposition to explain this disparity could be that although AEC design 
professionals understand the significance of robust information management protocols, some 
have yet to encounter what they consider ‘suitable’ projects.  If this difference is repeated 
across the AEC design industry, it would be important to discover what lies at the root of this 
issue.  
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Culture Shock 
The cultural shift being faced by the AEC industry is an important consideration, particularly 
with the widespread rise in technological development and an increasing focus on information 
management – manifested through the use of BIM methodologies.  This culture change is also 
an increasing area of interest to both information management professionals and those 
working in and studying the AEC design industry. 
 
Looking at Clouds from Both Sides 
The concept of hosting project records (including design models and other documents) in a 
cloud environment has recently been brought into focus for the AEC industry: in 2016, civil 
engineering company Trant Engineering Ltd were working for engineering consultancy Mott 
MacDonald (MML) on designs for a new power station in the Falkland Islands, with MML hosting 
the cloud-based common data environment (CDE) where the project data and BIMs resided 
(Pinsent Masons, 2017).  Disputes arose between the two parties, and in June 2017 MML 
removed Trant’s access to the data.  Both parties were contracted by the UK Ministry of 
Defence to work on the project but removing access to the CDE meant Trant were no longer 
able to access project documents.  As Trant had previously enjoyed access to the CDE, judge 
Mrs Justice O’Farrell found that their access should be reinstated (Gowling WLG, 2017).  Trant 
v MML is thought to be the first legal case to feature BIM in this manner, and raises significant 
questions about how BIM and other project information should be hosted and managed. 
 
Copyrighting Buildings 
The issue of copyright is well-understood in the construction industry, including during the 
design process.  The client or eventual owner of the asset is granted a licence to use the 
copyright.  In a non-BIM project, it is relatively simple to identify each contributor’s input (i.e. 
the building services will have been designed by the MEP engineer, the façade by the architect 
and the structure planned by the structural engineer).  With multiple actors participating in 
the creation of one BIM it may be difficult to identify which contributor is responsible for 
which elements without the use of a very robust audit trail (Grilo, et al., 2012, p. 159), which 
has implications for issues of design liability as well as intellectual property and copyright.   
…I often sat through ‘cutesy’ meetings where various people in the know, 
argued about the ‘ownership’ of parts of the model, mostly parts they 
themselves created and were unwilling to put in the pot.  Yet, rarely I 
remember discussing [risks] of creating highly detailed, information laden 
digital replicas of … assets without having a lot of clue on how these files 
will live on once the buildings are finished… 
Murray, 2017a 
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Intellectual Properties 
In standard AEC project environments, the main focus for intellectual property rights is on 
copyright of the design.  The exchanges of information between disciplines/ actors and clients 
is relatively simple to understand through the use of static 2D files (most recently usually 
transferred in PDF format).  Companies have grown increasingly comfortable with the issue of 
‘hard copy’ (paper or PDF) drawings and other construction documents for the purpose of 
‘sign-off’ (Currie, 2014), a situation that is changing with the introduction of BIM 
methodologies.   
 
The exchange of information in a purely digital or ‘native’ format can be problematic for 
various reasons.  For example, a low wall may be shown in the model as a wall object, slab 
object, kerb or perhaps a structural beam – all four would look the same in a 3D render as part 
of a client presentation or as an item on a 2D drawing.  However, all four will have different 
semantic meanings and associated embedded information (Steel, et al., 2009, p. 4), raising 
the question of which parts of the BIM are intended solely to be illustrative and which parts 
the designer anticipates will be utilised – and how this can be identified in the model file.  
Similarly, BIMs contain more than simply the design of the building or asset in question.  The 
models also include cost data, graphical information, databases, tables and other proprietary 
information – all of which are covered by different aspects of copyright and intellectual 
property legislation (Holzer, 2012): the issue of intellectual property is therefore more 
complex than it may seem at first sight.  This too merits further research.  
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The proposal should be between 4 to 6 pages 
in length (2000 - 3000 words) and include 
the following structure and headings: 
Working Title  
The working title should reflect and describe 
the main substance of the project. A sub-title 
is sometimes necessary to provide added 
detail, alert the reader to its scope or clarify 
an ambiguous or ‘catchy’ title. The project 
proposal title may well differ from the actual 
dissertation title, which may be more focused.  
Introduction  
The introduction consisting of a paragraph or 
two should present the project overview, a 
summary description of the research problem, 
the aims and objectives and the research 
approach to be adopted (i.e. survey, design 
and development, evaluation).  
Aims and Objectives  
This section should elaborate on the purpose of 
the proposed investigation, and what it aims to 
achieve. To distinguish between aims and 
objectives, we can define aims as being 
broader in scope and at a higher level, whereas 
objectives are be more specific and testable (in 
other words by the end of the dissertation it 
should be possible to know if the project 
objectives have or have not been met).  
Scope and Definition  
The scope and concepts of the research should 
be well defined, and realistic limits set. This 
section defines and explains any terms which 
may be ambiguous, and clarifies the extent of 
the project. For example, in a project which 
will examine the use of e-resources in law 
libraries, this section would define ‘e-
resources’ (e.g. as e-books and e-journals and 
web portals, but not personal web pages or 
social media) and ‘law libraries’ (e.g. as the 
libraries of law firms or law colleges, but not 
general academic or public libraries with a law 
section). It would also state the scope of the 
research, e.g. restricting it to law libraries 
located in England and fully operational at the 
time of the research.  
Research context/literature review  
The research context should establish the 
motivation, justification or rationale for the 
research. It should explain why the work is 
being undertaken (e.g. nobody has done it 
before, a new problem has arisen, it follows on 
from previous work, an organisation has  
encountered a problem which needs to be 
resolved etc.) and what benefits are expected. 
The project should be related to previous 
work. A brief literature review should be 
provided to show what is known about the 
problem to be investigated what prior research 
has been undertaken, as well as identify 
publications which would assist in 
understanding the research problem and in 
carrying out the project work itself.  
Methodology  
The project must be credible and ‘do-able’. 
This section indicates how the project will 
proceed, what approach will be adopted, what 
methods will be used, why they are suitable for 
meeting the project objectives, and any 
reservations or problems anticipated. The 
importance of a sound methodological 
approach cannot be overstated - methods must 
be appropriate to the research task in hand.  
Work Plan  
A plan and timetable must be included 
indicating when the various activities or stages 
will be undertaken. This may be a Gantt-style 
chart, or something simpler 
Resources  
Indicate the resources needed to carry out the 
project: equipment, special hardware or 
software, travel costs, data collection or 
processing costs etc.  
Ethics  
Indicate any ethical issues which may arise, 
and how they will be dealt with. You should 
include the ‘research ethics checklist’ (in the 
dissertation Moodle area) into your proposal, 
answering ‘yes’ or ‘no’ to all the questions, 
and noting the consequences of some answers. 
In particular, you should be aware that if you 
answer ‘yes’ to any of the following questions:  
 are the research participants under 18?  
 could the participants be classified as 
vulnerable adults?  
 do the participants have learning 
difficulties?  
 does the project involve pregnant 
women or women in labour?  
you may be required to complete a university 
ethical approval form. You should consult your 
supervisor first in any such cases.  
Confidentiality  
What issues of confidentiality will arise, and 
how will they be handled?  
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Working Title & Sub-Title  
 
Building with Information Management 
The impact of managing information within and between 




The Construction Industry 
Construction employs nearly 10% of the UK working population (almost three million people) 
and contributes £90 billion to the economy – about 7% of the UK’s GDP.  Globally, construction 
output is on course to reach an estimated £9.5 trillion (US$ 12 trillion) by 2025 according to 
the UK Infrastructure & Projects Authority (2016). 
 
Building Information Modelling (BIM) 
Designing and constructing facilities such as bridges, roads, buildings and utilities is complex, 
and involves combining a variety of different disciplines such as structural engineers, building 
services specialists, architects, civil engineers and the like.  The Government Construction 
Strategy (2011) and its update (2016) both highlighted the need for a collaborative approach to 
the design and construction of built facilities underpinned by digital technologies.  This is 
referred to as Building Information Modelling (BIM) and the UK is among the first in the world 
to embrace and mandate this method of design for all centrally-procured built assets.  This 
mandate is known in the construction industry as ‘BIM 2016’.  
 
 
Aims & Objectives  
Aims 
The UK Government’s BIM 2016 mandate (and indeed the concept of BIM itself) is primarily 
concerned with saving time and money through simplifying design, construction and asset 
management processes.  This project will consider the role of information management within 
and between multi-disciplinary design teams, and how a robust approach to information 
management can help enhance and improve the design process and ensure good value for 
money.   
 
Objectives 
The following broad research objectives are intended to fulfil the above aim 
 Review appropriate literature relating to what is currently known about collaborative 
design processes, BIM in general and information management processes in the 
construction design industry 
 Explore qualified construction design professionals’ approaches and attitudes towards 
BIM and information management through questionnaires/ surveys and face-to-face 
interviews 
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 Identify any improvements or changes which may be implemented in order to improve 
collaborative working through exemplary information sharing and management  
 
 
Scope & Definition  
Research Scope 
The project will identify a cross-section of individuals working at a number of levels of 
seniority across a variety of design disciplines in the construction industry, including structural 
and civil engineers, mechanical and electrical engineers, architects and landscape architects, 
master planners, cost consultants and quantity surveyors, project and design managers, and 
other specialists.  These individuals will each receive a questionnaire asking questions about 
their views on information management in the design process.  A selected number of those 
individuals will also be interviewed on a one-to-one basis to gain deeper insight into the 
impact of information management on the design process.  
 
It is proposed that this dissertation builds on this author’s Information Management & Policy 
assignment (2016).  It will further consider the information management and sharing protocols 
between and within multi-disciplinary design teams through the use of desk research and 
formal surveys with a view to making recommendations about how appropriate management of 
information can be shown to benefit designers, construction teams and facilities managers in 
the future. 
 
Definition of Terms 
People, Processes & Technology 
The implementation of any new technology brings together people, process and technology, as 
illustrated in the Venn diagram below: 
 
 
Figure 1: People, Process, Technology 
 
This project will not concentrate on the technologies involved in the use of BIM to design and 
manage built assets, it will be primarily concerned with people and processes, but as part of 
that will touch on the intersection between all three aspects (i.e. it will investigate [people ∪ 
process] as well as [people ∩ process ∩ technology]).  It is intended that the project will take 
the form of desk research and surveys/ interviews with individuals involved in design, 
construction and facilities management roles.  
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Definition of ‘Built Asset’ 
The design of any new or refurbished built asset can be undertaken in a BIM environment.  This 
project will concentrate on ‘buildings’, as defined by the Oxford English Dictionary: 
building /ˈbɪldɪŋ/ noun 
A structure with a roof and walls, such as a house or factory 
 
As such this project will consider activities undertaken by the main design disciplines 
associated with buildings such as architecture, civil and structural engineering, mechanical and 
electrical engineering, landscape architecture and masterplanning.  Other disciplines and 
aspects of BIM may also be included for illustrative purposes.  For the purposes of this project, 
the terms “building” and “built asset” will be interchangeable.  However, other built assets 
(rail, bridges, roads, tunnels etc.) may also be mentioned as illustrations. 
 
A Built Asset’s Life Cycle 
There are four main stages in any built asset’s life: planning, design, construction, and 
operations and management.  This project will primarily concentrate on the design stage with 
some coverage of same on the construction, operations and management stages.  
 
 
Research Context  
Collaboration in Construction 
Historically different design teams have worked in vertical disciplinary silos rather than 
collaboratively.  Similarly, contractors and those working in the construction industry have not 
historically worked closely with the original design teams: the Forms of Contract widely used 
in the industry actively discourage such collaboration.  It is broadly accepted across the 
construction industry that good communication protocols are central to the success of the 
construction process, from the first time a pencil scratches the paper to the moment the 
ribbon is cut (and indeed into the built facility’s working life and beyond).  What is less-well 
appreciated is the need for robust information management and sharing protocols between 
those teams that design the facility and indeed between the designers, contractors and final 
operators of the facility itself right through to its decommissioning or demolition.   
 
BIM 2016 
In 2011, the UK Cabinet Office published a report mandating robust information management 
and sharing protocols between all those involved in the design, construction and maintenance 
processes of centrally-funded built assets by 2016.  This was the first time the issue of 
construction information management had been addressed at a national level by the UK 
Government.  Known in the construction industry as “BIM 2016”, this signalled a huge change 
(and indeed challenge) for the built asset design and construction industries.  
 
Most clients that ask for their projects to be designed in a BIM environment tend to be in the 
public sector (following on from the government’s BIM 2016 mandate) with the numbers of 
private sector clients requesting their assets are built in a BIM environment still being 
relatively small.  In addition, many design practices concentrate on working for private sector 
organisations because there is a perception that public sector projects tend to be less 
OS Ablett | acpb254 




prestigious and have tighter financial constraints.  A number of organisations have therefore 
not started to adopt BIM processes.  For this reason, this project will concentrate on larger 
multi-disciplinary practices which tend to work in both the public and private sectors.  It will, 
however, also seek input from smaller organisations and practices for reasons of both balance 
and control. 
 
Expected Benefits & Outputs from this Research 
It is anticipated that this project will illustrate to multi-disciplinary design teams the benefits 
of robust information management processes, and how the adoption of such methods can not 
only help with existing projects but with future ones as well.  The sharing of information can, 
and should, not only be considered within particular projects but also between projects – 
achievements and findings from Project A can in turn be implemented on Project B; thus 
completing a virtuous circle of best practice. 
 
 
Literature Review  
This section will look at the context of information management within the construction 
industry, particularly in relation to the design process.  It will also consider government 
initiatives to improve the construction industry and how this applies to multi-disciplinary 
design teams.   
 
Information needs are “closely related to relevance: if something is relevant to a user for a 
given task, that person ‘needs’ the information to complete the task” (Hjørland, 1997).  A 
user’s information needs can be determined through a ‘gap analysis’ which is a formal method 
of assessing differences in performance between available information to determine whether 
or not current requirements are being met.  This gap analysis will form part of this project’s 
literature review.   
 
What is Currently Known 
With an estimated 40% of the UK construction industry’s output originating from central 
government (Wolstenholme, et al., 2009), and overall construction representing an estimated 
7% of the UK’s GDP or £110bn per annum (Cabinet Office, 2011) improving efficiencies in the 
sector is a major consideration.  Sebastian James’s Review of Education Capital (2011) 
recommended a need for “new buildings [to] be based on a clear set of standardised drawings 
and specifications” and noted that “there is no information held centrally on the condition of 
the [education] estate” echoing previous reports into the construction industry highlighting the 
need for centralised infrastructure records. 
 
Previous Research 
The UK Government has commissioned a number of major reports in recent years in an 
attempt at detailing how the construction industry should change in an attempt to reduce 
waste and inefficiency, increase competition and prevent stagnation (including Latham, 1994; 
Egan, 1998 and Wolstenholme, et al., 2009).  Each of these reports builds on the last and 
between them they highlight that increased collaboration, in particular with the introduction 
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of robust information management protocols, will improve how the construction industry 
operates in the future.   
 
Useful Publications & Resources 
The literature review for this project will be used to ascertain the available resources relating 
to information management in the construction industry, with a focus on building information 
modelling (BIM). 
 
Information Management  
According to Kirk (1999), organisations must address flows of both formal and informal 
information in order to exploit the information available to it.  Macevičiūtė & Wilson (2002) 
agree that solutions to ‘information problems’ in organisations will persist and note that the 
need to understand and resolve them will remain, and Karim and Hussein (2008) remark that 
information management is ‘an important area in which its contribution can ensure 
organizational (sic) success and effectiveness’.  Information is a resource with potential value 
for organisations and as such those resources should be known to the organisation.  Accordingly 
the need for information policies and strategies to ascertain where these resources reside has 
also been recognised, according to Macevičiūtė & Wilson (2002).   
 
Collaborative Design in the Construction Industry 
The concept of designing built assets in a collaborative BIM environment is relatively new, but 
there is already a wealth of information and research available as well as a variety of under- 
and post-graduate qualifications.  According to Rogalski, the key to successful collaborative 
design environments is effective information management (2006), and the progress of BIM is 
heralding ‘an increase in the frequency of information sharing’ (Hardin & McCool, 2015).  
Adding to the complexity of the situation, Vo-Tran (2014) notes that organisations such as 
architectural practices and construction companies handle traditional paper documents and 
potentially unstructured items including site photographs, technical drawings and formal 
documents such as Building Regulations as well as notes from interviews and meetings with 
clients and even transcripts collected from focus groups, highlighting a need to corral and 
organise these items.   
 
While BIM is undeniably a collaborative way of working, Gibbs, et al. (2015) note that the 
process of collaboration is more than just about information sharing and BIM requires a shift 
from the ‘silo working’ found on many construction projects, although trying to shift from such 
working practices is nothing new, as Grindrod reveals: 
 
One of the most remarkable innovations [in the design of the Cumbernauld Town 
Centre Megastructure in the 1950s] was not technical; it was a new way of 
working...  Architect George Kenneth (Ken) Davie told of “the strong desire to mix 
all of the professions.  So you didn’t have an engineers’ office, an architects’ 
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Methodology refers to the theory of how research need to be undertaken including 
the philosophical and theoretical assumptions upon which research can be based 
and the implications of these for the methods adopted. 
(Saunders, et al., 2009) 
 
Research for this project will be both desk-based, using existing literature surrounding both 
information management and construction theories (the literature review), as well as making 
use of questionnaires and interviews with a variety of individuals working in disciplines 
involved in building design.  Although “BIM” is a relatively new concept, there is already a 
variety of literature available relating to information management within the building design 
process.  Once the initial literature review has been completed, I will proceed with the 
circulation of questionnaires and a round of interviews.   
 
The questionnaire process will be divided in two parts: a pilot and a reviewed version.  The 
pilot will be socialised among individuals known personally to this author in order to gain 
valuable feedback into the types of responses which can be expected from a wider audience as 
well as to identify any questions, terms or phrases that might require clarification or further 
exposition.  Circulating a pilot will also ensure the responses received are meaningful and most 
importantly measurable.  It is currently planned to circulate the questionnaire using an online 
service such as Survey Monkey, Google Docs or Free Online Surveys.  
 
Research Suitability  
Literature Review 
Conducting a literature review is an essential part of a project because it provides both author 
and readers with an overview of existing ideas and theories about a given subject.  The 
process will include a critical review of research relating to the topic at hand as well as define 
key terms, definitions and terminology.  In addition, it can also help narrow (or broaden) the 
parameters of the project itself.   
 
Questionnaires 
Surveys are designed to obtain the same kinds of data from large groups of people in a 
standardised and systematic way.  Using an online service and encouraging participants to 
forward the link to other individuals working in the same industry is also relatively simple and 
will allow me to reach as wide an audience as possible without this becoming overwhelming.  
Making use of surveys will also allow me to spend time planning interviews with a smaller 
number of professionals involved in the building design process on a one-to-one basis.   
 
Potential Issues 
Although the concept of BIM and indeed information management within the construction 
industry is a relatively new concept, there is already a lot of literature in the field.  Ensuring 
the literature review covers this appropriately is an anticipated challenge.  In order to identify 
the most appropriate literature for review, I plan to spend time with my employer’s library 
staff in St Albans. 
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Ensuring I achieve a suitable spread of respondents to both questionnaires and interviews is a 
key component of this project.  Access to a broad-based source of professionals across a 
variety of disciplines will be achieved by drawing on my existing networks in the construction 
industry.  In addition, the questionnaires will be used at an early stage to allow time to follow 
up respondents and develop suitable analytical protocols.   
 
 
Work Plan  
It is anticipated that the dissertation will be completed in line with the part-time course 
timetable.  The dates given for meetings with my supervisor (highlighted orange) are indicative 
only, and I would welcome the opportunity to discuss suitable dates.  A copy of the proposed 
work plan with a Gantt chart is available in Appendix A.   
 
ID Task Name Duration Start Finish Predecessors 
1 INM363 LIS Dissertation 186 days Mon 17/04/17 Tue 02/01/18   
2    proposal 28 days Mon 17/04/17 Wed 24/05/17   
3       write proposal 18 days Mon 17/04/17 Wed 10/05/17   
4       final check (SPaG and formatting) 1 day Thu 11/05/17 Thu 11/05/17 3 
5       submit proposal 0 days Fri 12/05/17 Fri 12/05/17 4 
6       review with supervisor (proposal) 1 day Wed 24/05/17 Wed 24/05/17 5FS+8 days 
7    design questionnaire 9 days Mon 29/05/17 Fri 09/06/17   
8       write questions 3 days Mon 29/05/17 Wed 31/05/17 6FF+5 days 
9       review with supervisor (start-up) 1 day Thu 08/06/17 Thu 08/06/17 8FS+5 days 
10       questionnaire ready 0 days Fri 09/06/17 Fri 09/06/17 9 
11    circulate and analyse questionnaire 25 days Fri 09/06/17 Thu 13/07/17   
12       prepare list of recipients 1 day Fri 09/06/17 Fri 09/06/17 10 
13       circulate pilot questionnaire 1 day Mon 12/06/17 Mon 12/06/17 12 
14       evaluate and review questionnaire 1 day Tue 20/06/17 Tue 20/06/17 13FS+5 days 
15       circulate questionnaire 1 day Wed 21/06/17 Wed 21/06/17 14 
16       chase responses as appropriate 1 day Mon 10/07/17 Mon 10/07/17 15SF+14 days 
17       questionnaires complete 0 days Mon 03/07/17 Mon 03/07/17 15FS+7 days 
18       conduct data analysis 3 days Mon 03/07/17 Wed 05/07/17 17 
19       review with supervisor (mid-term) 1 day Thu 13/07/17 Thu 13/07/17 18SS+8 days 
20       questionnaire results complete 0 days Wed 05/07/17 Wed 05/07/17 18FF 
21    writing 158 days Thu 25/05/17 Tue 02/01/18   
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ID Task Name Duration Start Finish Predecessors 
22       initial literature review 5 days Thu 25/05/17 Wed 31/05/17 6 
23       ongoing literature review 142 days Thu 01/06/17 Fri 15/12/17 22 
24       collect quotes, resources and citations 142 days Thu 01/06/17 Fri 15/12/17 23SS 
25       finalise structure 3 days Thu 01/06/17 Mon 05/06/17 9SS-5 days 
26       write up 122 days Tue 04/07/17 Wed 20/12/17 28FF 
27       review with supervisor (final) 1 day Fri 17/11/17 Fri 17/11/17 30FS-35 days 
28       final check (SPaG and formatting) 1 day Tue 19/12/17 Tue 19/12/17   
29       float (Christmas and New Year) 10 days Tue 19/12/17 Mon 01/01/18 30FF 
30       submit dissertation project 0 days Tue 02/01/18 Tue 02/01/18   
 




It is not anticipated that this project will require any special hardware, software or 
equipment, nor is it anticipated that it will incur any costs associated with travel, data 
collection or processing.  Library and Internet access as well as time are expected to be the 




It is not anticipated that this project will give rise to any ethical issues as all the research 
participants will all be over 18, not classed as vulnerable adults or have learning difficulties, 
and these issues will not be discussed.  In addition, the participants will not be selected 
because they are pregnant, and the work will not involve interviewing women in labour or 





It is not anticipated that this project should be treated as confidential.  However, individual 
survey respondents and interviewees will be identified with broad-brush job descriptors and 
integers rather than full names to protect their identities and ensure honest responses are 
received.  
 
   
2,612 words  
(excluding section headers, sub-headers and tables) 
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Ethics Review Form: LIS Masters projects 
In order to ensure that proper consideration is given to ethical issues, all students undertaking the LIS 
dissertation project must complete this form and attach it to their dissertation proposal. Consult your 
supervisor if anything in this form is unclear or problematic. There are two parts: 
Part A: Ethics Checklist. All students must complete this part.  The checklist identifies whether the 
project requires ethical approval and, if so, where to apply for approval. Students who answer ‘yes’ to 
any of questions 1-18 should consult their supervisor, as they may need approval from the ethics 
committee. 
Part B: Ethics Proportionate Review Form. This part is an application for ethical approval of low-risk 
research.  Students who have answered “no” to questions 1 – 18 and “yes” to question 19 in the 
checklist must complete this part; students who have answered ‘no’ to all the questions 1-19 may ignore 
this part. The supervisor has authority to approve this application. 
 
Part A: Ethics Checklist 
If your answer to any of the following questions (1 – 3) is YES, you must apply 
to an appropriate external ethics committee for approval: 
Delete as 
appropriate 
1. Does your project require approval from the National Research Ethics Service 
(NRES)?  (E.g. because you are recruiting current NHS patients or staff?  If you 
are unsure, please check at http://www.hra.nhs.uk/research-community/before-
you-apply/determine-which-review-body-approvals-are-required/) 
Yes/No 
2. Will you recruit any participants who fall under the auspices of the Mental 
Capacity Act?  (Such research needs to be approved by an external ethics 
committee such as NRES or the Social Care Research Ethics Committee 
http://www.scie.org.uk/research/ethics-committee/) 
Yes/No 
3. Will you recruit any participants who are currently under the auspices of the 
Criminal Justice System, for example, but not limited to, people on remand, 
prisoners and those on probation? (Such research needs to be authorised by 




If your answer to any of the following questions (4 – 11) is YES, you must apply 
to the Senate Research Ethics Committee for approval (unless you are applying 
to an external ethics committee): 
Delete as 
appropriate 
4. Does your project involve participants who are unable to give informed consent, 
for example, but not limited to, people who may have a degree of learning 
disability or mental health problem, that means they are unable to make an 
informed decision on their own behalf?  
Yes/No 
5. Is there a risk that your project might lead to disclosures from participants 
concerning their involvement in illegal activities? 
Yes/No 
6. Is there a risk that obscene and or illegal material may need to be accessed for 
your project (including online content and other material)? 
Yes/No 
7. Does your project involve participants disclosing information about sensitive 
subjects? 
Yes/No 
8.  Does your project involve you travelling to another country outside of the UK, 
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9.  Does your project involve invasive or intrusive procedures?  For example, these 
may include, but are not limited to, electrical stimulation, heat, cold or bruising. 
Yes/No 
10. Does your project involve animals? Yes/No 
11.  Does your project involve the administration of drugs, placebos or other 




If your answer to any of the following questions (12 – 18) is YES, you should 




12. Does your project involve participants who are under the age of 18? Yes/No 
13. Does your project involve adults who are vulnerable because of their social, 
psychological or medical circumstances (vulnerable adults)?  This includes 
adults with cognitive and / or learning disabilities, adults with physical disabilities 
and older people. 
Yes/No 
14. Does your project involve participants who are recruited because they are staff 
or students of City University London?  For example, students studying on a 
particular course or module.  (If yes, approval is also required from the Project 
Tutor.) 
Yes/No 
15. Does your project involve intentional deception of participants? Yes/No 
16. Does your project involve identifiable participants taking part without their 
informed consent?  
Yes/No 
17. Does your project pose a risk to participants or other individuals greater than 
that in normal working life? 
Yes/No 





If your answer to the following question (19) is YES and your answer to all 
questions 1 – 18 is NO, you must complete part B of this form.  
 
19. Does your project involve human participants? For example, as interviewees, 
respondents to a questionnaire or participants in evaluation or testing. 
Yes/No 
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Part B: Ethics Proportionate Review Form 
If you answered YES to question 19 and NO to all questions 1 – 18, you may use this part of the form to 
submit an application for a proportionate ethics review of your project.  Your dissertation project 
supervisor will review and approve this application. 
 
The following questions (20 – 24) must be answered fully. Delete as 
appropriate 
20. Will you ensure that participants taking part in your project are fully informed 
about the purpose of the research? 
Yes/No 
21. Will you ensure that participants taking part in your project are fully informed 
about the procedures affecting them or affecting any information collected about 
them, including information about how the data will be used, to whom it will be 
disclosed, and how long it will be kept? 
Yes/No 
22. When people agree to participate in your project, will it be made clear to them 
that they may withdraw (i.e. not participate) at any time without any penalty? 
Yes/No 
23. Will consent be obtained from the participants in your project, if necessary?  
Consent from participants will only be necessary if you plan to gather personal 
data.  “Personal data” means data relating to an identifiable living person, e.g. 
data you collect using questionnaires, observations, interviews, computer logs.  
The person might be identifiable if you record their name, username, student id, 
DNA, fingerprint, etc. 
If YES, attach the participant information sheet(s) and consent request form(s) 
that you will use.  You must retain these for subsequent inspection.  Failure to 
provide the filled consent request forms will automatically result in withdrawal of 





24. Have you made arrangements to ensure that material and/or private information 








If the answer to the following question (25) is YES, you must provide details Delete as 
appropriate 
25. Will the research involving participants be conducted in the participant’s home 
or other non-University location? 
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**If these items are not available or not applicable at the time of submitting your project proposal, 
preliminary approval through proportionate review can still be given.  This will be subject to you 
submitting the items to your supervisor for approval at a later date.  Approval must be obtained prior to 
the research commencing. 
 
Templates 
The University provides templates which should be used as the basis for your participant information 
sheets and consent forms.  These are available from the links below but must be adapted according to 
the needs of your project before they are submitted for consideration.  
Adult information sheet: 
http://www.city.ac.uk/__data/assets/word_doc/0018/153441/TEMPLATE-FOR-PARTICIAPNT-
INFORMATION-SHEET.doc 




Attachments (these must be provided if applicable): Delete as appropriate 
Participant information sheet(s) Yes / No / Not applicable 
Consent form(s) Yes / No / Not applicable 
Questionnaire(s)** Yes / No / Not applicable 
Topic guide(s) for interviews and focus groups** Yes / No / Not applicable 
Permission from external organisations (e.g. for recruitment of 
participants)** 
Yes / No / Not applicable 
OS Ablett | acpb254 














OS Ablett | acpb254 












MSc Information Science 





Appendix 2: Reflections 129 
 







MSc Information Science 





Appendix 2: Reflections 130 
 
Reflections on Completion of the LIS Dissertation Project 
 
I enjoy discussing ideas and as an extrovert I gather my energy from others both of which have 
helped in the collection of data through interviews and in discussions with my peers.  I have 
found the creation of this paper to be an interesting process: teaching me about myself as well 
as giving me the opportunity to explore ideas of interest to me and others.  It has also taught 
me to have faith in my abilities as a researcher.  I enjoyed researching journals and other 
publications for use in the literature review, and could have written significantly more for that 
section.  However, one area I struggled to complete was the data analysis.  Converting the 
questionnaire data into something suitable for a Spearman’s Rank equation took significantly 
more effort than I had originally anticipated. 
 
As a project manager it is in my nature to plan.  However, some days I found it hard to open 
even the shortest of journals while at other times I could barely stop reading, writing and 
making notes until the small hours of the morning.  The poet Edward Young once wrote 
“procrastination is the thief of time”: a phrase my history teacher wrote in a school report 
when I was aged ten which still rings true 30-odd years later.  A more detailed schedule, 
perhaps to write a set number of words or read a certain number of articles each week may 
have helped.  I found balancing studying, note-taking and writing with the demands of my 
personal and professional lives challenging at times (at one point I was studying while 
managing some very complex projects at work and supervising the refurbishment of our new 
house – a combination I would not recommend).  That said, I found I could be most productive 
when I came home from the office and started studying immediately, leaving weekends to see 
friends, travel and enjoy my personal life. 
 
Construction and information management can both be dry subjects, so I felt it was important 
to make the subject more accessible to both academic and lay audiences.  I found this both 
interesting and enjoyable, particularly being able to use LEGO as examples at various points, 
as well as other passions of mine including Shakespeare, Brutalist architecture (particularly the 
work of Ernö Goldfinger), London’s Crossrail and Star Trek.  It was, at times, a challenge to 
avoid digression and tangential miscellanea, and to keep to the point.  A number of curiosities 
have been removed from the paper as peer reviews suggested they did not add particular 
value.  I hope, however, that I have walked the fine line between interesting, intelligent and 
informative, and written thought-provoking piece of work. 
 
Finally, getting words onto paper early has been a valuable lesson I will take with me.  I need 
to keep making notes, reading articles, blogs and books but not at any pace or cost.  As Winnie 
the Pooh said: “Rivers know this: there is no hurry.  We shall get there” (Milne, 1928).  
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My name is Oz Ablett and I am a final year student at City, University of London studying for an 
MSc Information Science degree.  I am now conducting research for my dissertation which will 
consider how design information is shared between engineers, architects and others involved 
in the design of buildings and other built assets particularly in BIM and collaborative 
environments. 
 
I would like to invite you to participate in this research, which will involve you to complete an 
online survey which will take approximately five or ten minutes.  The responses you provide 
will be treated confidentially and your name and other personal details will not be used; if you 
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Participant Information  
 
I would like to invite you to take part in a research study. Before you decide whether you 
would like to take part it is important that you understand why the research is being done and 
what it would involve for you. Please take time to read the following information carefully and 
discuss it with others if you wish. Please ask me if there is anything that is not clear or if you 
would like more information. 
 
What is the purpose of the study?  
I am in the process of studying for an MSc in information science, and my dissertation is looking 
at the impact of managing information within and between multi-disciplinary construction 
design teams.  I am looking for individuals qualified in a design discipline to answer some 
questions about their approach to information management and their thoughts on how it 
impacts their day-to-day work. 
 
Why have I been invited? 
You have been chosen to take part in this study as you have been identified as someone who is 
qualified in their field as a construction design professional.  It is anticipated that up to 75 
other people will be involved in this study. 
 
Do I have to take part?  
Participation in this study is voluntary and no data which can identify you will be collected 
(unless you agree to a one-to-one interview at a later stage).  You may withdraw at any stage 
or avoid answering any questions you feel are too personal or intrusive and you will not be 
penalised or disadvantaged in any way if you choose to withdraw.  It is up to you to decide 
whether or not to take part in this study.  If you decide to take part you are still free to 
withdraw at any time and without giving a reason.   
 
What will happen if I take part?  
The questionnaire should only take a few minutes of your time.  If you are asked to take part 
in an interview, it is anticipated that it will take place should last no more than about half an 
hour and will take place at a mutually-agreed public place such as a coffee shop or over the 
phone, as appropriate and agreed with you.   
 
What do I have to do?  
The study will involve answering a few questions and possibly include a follow-up interview if 
you are willing/ able to do so. 
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What are the possible disadvantages and risks of taking part?  
There are no disadvantages or risks anticipated to those taking part in this study.   
 
What are the possible benefits of taking part? 
That the study is designed to help inform how information is shared and managed among multi-
disciplinary design teams alongside other research.  As such, it is anticipated that the findings 
will be beneficial to the wider construction design community. 
 
What will happen when the research study stops?  
Once the study has been completed, all participants’ data will be anonymised and any 
personal identifying information (PII) will be destroyed.   
 
Will my taking part in the study be kept confidential?  
If you choose to take part, your participation and information will be kept confidential.  No 
personally identifying information (PII) will be collected about you unless you agree to take 
part in an interview at a later stage.   
 
What will happen to results of the research study? 
The study is intended to form part of my MSc dissertation, copies of which can be made 
available on request.   
 
What will happen if I do not want to carry on with the study?  
You are free to withdraw from the study without an explanation or penalty at any time. 
 
What if there is a problem? 
If you have any problems, concerns or questions about this study, you should ask to speak to a 
member of the research team. If you remain unhappy and wish to complain formally, you can 
do this through City’s complaints procedure.   
 
For further incofmration, please contact my supervisor, Professor David Bawden on 020 7040 
5060 or by e-mailing him at d.bawden@city.ac.uk 
 
Who has reviewed the study? 
This study has been approved by City’s Computer Science Research Ethics Committee. 
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Further information and contact details 
If you have further questions about this study, you can contact my supervisor, Professor David 
Bawden on 020 7040 5060 or by e-mailing him at d.bawden@city.ac.uk  
 
Thank you for taking the time to read this information sheet.  
 
 
I agree to take part in this study. 
  Agree 
  Disagree 
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If you do not wish to answer a question, please leave the responses blank. 
 
List of Questions 
Question 1: How old are you? ............................................................................ 138 
Question 2: How would you describe your gender? ................................................... 138 
Question 3: How many employees in your organisation? ............................................ 138 
Question 4: Which of these disciplines best describe your current role? ......................... 138 
Question 5: How many years’ experience do you have in your field? ............................. 139 
Question 6: How would you describe your understanding of BIM? ................................. 139 
Question 7: In your opinion, how important is BIM to the engineering and design industries? 139 
Question 8: How much of your time is spent designing in a collaborative/ BIM environment? 139 
Question 9: How many of your most recent projects were designed in a BIM environment? .. 139 
Question 10: How important is information sharing in a collaborative/ BIM environment? .... 140 
Question 11: How many of your projects involve sharing information between teams? ....... 140 
Question 12: What’s the best way of exchanging information in a BIM environment? .......... 140 
Question 13: How important is information sharing when designing in a BIM environment? .. 140 
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Question 1: How old are you? 
  under 24  
  25-34  
  35-44  
  45-54  
  55-64  
  65 and above  
  Prefer not to say  
 
Question 2: How would you describe your gender? 
  Male  
  Female  
  Prefer not to say  
 
Question 3: How many employees in your organisation? 
  Fewer than 10 employees  
  11-50 employees  
  51-100 employees  
  101-1000 employees  
  Over 1000 employees  
  Prefer not to say  
 
Question 4: Which of these disciplines best describe your current role? 
  Architecture (including specification and design consulting)  
  CAD/ BIM Management  
  Contractor  
  Cost Consulting/ Quantity Surveying  
  Design Management or Project Management  
  Engineering - Civil & Structural   
  Engineering - Building Services/ MEP  
  Engineering - Other   
  Landscape Architecture  
  Urban Design/ Masterplanning  
  Other (please elaborate)  
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Question 5: How many years’ experience do you have in your field? 
  Newly-qualified/ under 12 months’ experience  
  One to five years’ experience  
  Five to ten years’ experience  
  Ten to 20 years’ experience  
  20 to 30 years’ experience  
  Over 30 years’ experience  

Question 6: How would you describe your understanding of BIM? 
  I know nothing about it  
  I don’t know much about it  
  I know a little about it  
  I know a fair amount about it  
  I know a lot about it  

Question 7: In your opinion, how important is BIM to the engineering and design industries? 
  Not at all important  
  Maybe a little bit important  
  Quite important  
  Very important  
  Absolutely vital  
 
Question 8: How much of your time is spent designing in a collaborative/ BIM environment? 
  None  
  A very small amount  
  Quite a bit of my time  
  All or nearly all of my work time  
 
Question 9: How many of your most recent projects were designed in a BIM environment? 
  None  
  One or two  
  Most of them  
  All or nearly all of them  
  Don’t know  
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Question 10: How important is information sharing in a collaborative/ BIM environment? 
  Not at all important  
  Maybe a little bit important  
  Quite important  
  Very important  
  Absolutely vital  
 
Question 11: How many of your projects involve sharing information between teams? 
  One or two  
  A few  
  Most of them  
  All or nearly all of them  
  Don’t know  
 
Question 12: What’s the best way of exchanging information in a BIM environment? 
 
 Through a Common Data Environment (such as Aconex, Asite, Autodesk 
360, Conject, ProjectWise etc.) 
 
  Through an FTP service (such as Drop Box, We Transfer, Box etc.)  
  Via e-mail  
  Via USB media (hard drive/ memory stick)  
  Other (please elaborate)  
 
Question 13: How important is information sharing when designing in a BIM environment? 
  It’s absolutely vital to my role  
  It’s important to my role, but I can function without it  
  I have no need to design in a collaborative BIM environment  
 
 I believe designing in a collaborative BIM environment is a waste of 
time and resources 
 
  Other (please elaborate)  
 
Question 14: What is the main barrier to designing in a BIM environment? 
  Software/ training  
  Understanding of client/ legislative requirements  
  Concerns about legal issues (intellectual property, design liability etc.)  
  Other (please elaborate)  
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Question 15: Why do you think clients ask for design to be carried out in a BIM environment? 
  Government rules (such as the BIM 2016 mandate)  
  To get (and use) information-rich models  
  Because it’s a buzz-word/ fad which sounds good   
  To construct/ maintain built assets more cheaply/ efficiently  
 
 They want 3D visuals but not necessarily the information within the 
models 
 
  Other (please elaborate)  
 
Question 16: What do you think would help increase the number of projects designed in a 




   
 
   
 
   
 
 
Question 17: Is there anything else you'd like to say about the sharing of information in 




   
 
   
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Question 18: If you would agree to be contacted about further participation in this study, 













Thank you for taking part and supporting my research. 
 
MSc Information Science 
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Please tell us who you are. This information will be kept confidential, and will 
only be used to aid anonymised analysis 
About you 
BIM Survey 2017 










Other (please specify) 
2. What is the approximate turnover of your business? * 
Less than £1m 
£1m - £4m 
£5 - £9m 
£10m - £19m 
£20m - £49m 
£50m - £99m 
£100m - £499m 
More than £500m 
Don't know 
Please tell us about your experience of using BIM on projects 
Use of BIM 









Don’t know if we’ve reached that level 
Don’t know what is meant by “level 2” 
Other (please specify) 





Don’t know if we’ve reached that level 
Don’t know what is meant by “level 3” 
Other (please specify) 







More than 50% 
Don't know 
7. In your experience, do you commonly derive the following benefits from BIM, on 
projects in which it is utilised? Please tick all answers that apply 
* 
Cost savings in the design process 
Time savings in the design process 
Better design 
Improved clash detection 
Cost savings in construction delivery 
Time savings in construction delivery 
Better ultimate built performance 
Improved collaboration between project team members 
Reduced delivery risk in construction phase 
Reduced commercial risk overall 
Genuine partnership working 
Don't commonly derive any benefits from using BIM 
Don't know/don't use BIM 
Other (please specify) 
8. In your experience, do you commonly encounter the following problems when using 
BIM, on projects in which it is utilised? Please tick any answers that apply 
* 
Increased cost in the design phase 
Increased time spent in the design phase 
Increased cost in the construction delivery phase 
Increased time spent in the construction delivery phase 
Poorer/more formulaic design 
Difficulties securing staff or other project team members with requisite expertise 
Poorer collaborative working between project team members 
Difficulty managing additional volume/complexity of digital information 
Difficulty using BIM model to aid building's operational/FM phase 
Don't commonly encounter any problems from use of BIM 
Don't know/don't use BIM 
Other (please specify) 
9. In you experience, which party in a project team most commonly drives the adoption of, 
and approach to using, BIM? 
* 







Supply chain contractor/s 
Building services engineer 
Product manufacturer/distributor 
Other (please specify) 
10. In your experience who in a project team is most likely to take on the roles of BIM co-










Other (please specify) 
11. In your experience who in a project team is most likely to take on the roles of BIM 










Other (please specify) 
Please tell us what you think about BIM 
Views on BIM 
Other (please specify) 
12. Do you think that, at the current time, the benefits of using BIM are more hype than 
substance? Please clarify if necessary 
* 
Benefits are over-hyped 
Benefits are real and substantial 
Don't know 
13. Which of the following do you perceive as major barriers to the uptake of BIM? Please 
rank according to importance 
* 
Lack of client interest 
Lack of availability of skilled staff 
Up-front technology or staff training costs 
Higher up-front project costs 
Hostility from main contractors 
Hostility from subcontractors/specialists 
Hostility from consultants 
14. Do you see potential for your firm to secure higher fees/revenues through developing 




Other (please specify) 
Don’t know 
MSc Information Science 
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Data Set 1: How old are you? 
  under 24 4.7% 
  25-34 29.9% 
  35-44 35.5% 
  45-54 15.0% 
  55-64 10.2% 
  65 and above 3.1% 
  Prefer not to say 1.6% 
 
Data Set 2: How do you describe your gender? 
  Male 70.0% 
  Female 29.2% 
  Prefer not to say 0.8% 
 
Data Set 3: How many employees in your organisation? 
  Fewer than 10 employees 2.3% 
  11-50 employees 4.7% 
  51-100 employees 1.6% 
  101-1000 employees 4.7% 
  Over 1000 employees 85.9% 
  Prefer not to say 0.8% 
 
Data Set 4: Which of these disciplines best describe your current role? 
  Architecture (including specification and design consulting) 19.8% 
  CAD/ BIM Management 14.5% 
  Contractor 3.6% 
  Cost Consulting/ Quantity Surveying 6.3% 
  Design Management or Project Management 8.1% 
  Engineering - Civil & Structural  11.7% 
  Engineering - Building Services/ MEP 18.0% 
  Engineering - Other  4.5% 
  Landscape Architecture 3.6% 
  Urban Design/ Masterplanning 0.9% 
  Other (please elaborate) 9.0% 
   International Development 
 Building Physics 
 Transport Planning 
 Consultant Information 
Management 
 Geotechnical Engineering 
 Port & Harbour Design 
 Property Law 
 Sports Pitch Design 
 Disability & Access Compliance 
 Education Specialist 
    
    
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  NB: The disciplines from Q4 (above) were brought together into the below 
super-groups for data analysis: this was not a question from the original 
survey 
 
 Project management functions 
including CAD/ BIM Management, cost consulting/ quantity surveying, 
design management and project management 
39.7% 
 
 Engineering disciplines  
including building services/ MEP, lighting design, structural, civil, 
geotechnical, transport planning and other engineering specialisms 
32.1% 
 
 Architecture and related disciplines  
including landscape architecture and urban design/ masterplanning 
22.1% 
 
 Other  
including contractors and ‘business support’ functions 
6.1% 
 
Data Set 5: How many years’ experience do you have in your field? 
  Newly-qualified/ under 12 months’ experience 1.6% 
  One to five years’ experience 18.6% 
  Five to ten years’ experience 14.7% 
  Ten to 20 years’ experience 37.1% 
  20 to 30 years’ experience 10.9% 
  Over 30 years’ experience 17.1% 

Data Set 6: How would you describe your understanding of BIM? 
  I know nothing about it 3.1% 
  I don’t know much about it 7.7% 
  I know a little about it 37.7% 
  I know a fair amount about it 40.0% 
  I know a lot about it 11.5% 

Data Set 7: In your opinion, how important is BIM to the engineering and design industries? 
  Not at all important 1.5% 
  Maybe a little bit important 5.4% 
  Quite important 23.1% 
  Very important 41.5% 
  Absolutely vital 28.5% 
 
Data Set 8: How much of your time is spent designing in a collaborative/ BIM environment? 
  None 20.8% 
  A very small amount 34.6% 
  Quite a bit of my time 26.9% 
  All or nearly all of my work time 17.7% 
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Data Set 9: How many of your most recent projects were designed in a BIM environment? 
  None 13.1% 
  One or two 36.9% 
  Most of them 23.1% 
  All or nearly all of them 21.5% 
  Don’t know 5.4% 
 
Data Set 10: How important is information sharing in a collaborative/ BIM environment? 
  Not at all important 2.3% 
  Maybe a little bit important 3.8% 
  Quite important 14.6% 
  Very important 42.4% 
  Absolutely vital 36.9% 
 
Data Set 11: How many of your projects involve sharing information between teams? 
  One or two 8.5% 
  A few 9.2% 
  Most of them 21.5% 
  All or nearly all of them 59.2% 
  Don’t know 0.8% 
 
Data Set 12: What’s the best way of exchanging information in a BIM environment? 
 
 Through a Common Data Environment (such as Aconex, Asite, Autodesk 
360, Conject, ProjectWise etc.) 
52.6% 
  Through an FTP service (such as Drop Box, We Transfer, Box etc.) 23.3% 
  Via e-mail 12.8% 
  Via USB media (hard drive/ memory stick) 2.3% 
  Other (please elaborate) 9.0% 
   A mix of Aconex, ProjectWise, 
email, USB and FTP site 
 A combination of common data 
environment, FTP and email 
 Shared drives 
 I don’t have direct experience of 
information sharing 
 Usually shared drives, although 
people should use a CDE 
 A mixture of all of the above, 
depending on the project 
 Shared servers 
 A combination of all the above 
 Too many projects are still using 
standard servers which causes 
issues with the sharing of CAD 
[drawing] data. It’s frustrating 
that some Project Managers are 
unwilling to use common data 
environments 
 In-house servers and shared drives 
 Should be a CDE, but all too often 
it’s shared drives 
 Protocol is rarely established 
especially at early stages 
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Data Set 13: How important is information sharing when designing in a BIM environment? 
  It’s absolutely vital to my role 35.9% 
  It’s important to my role, but I can function without it 45.8% 
  I have no need to design in a collaborative BIM environment 12.2% 
 
 I believe designing in a collaborative BIM environment is a waste of 
time and resources 
2.3% 
  Other (please elaborate) 3.8% 
   It’s important when using but 
neither vital or important to the 
role 
 I am not a designer, but if BIM is 
used it is vital for teams to share 
the right information 
 On some occasions errors have 
been made e.g. incorrect 
document versions issued or other 
disciplines adjust the master BIM 
model without telling another 
discipline 
 I’m not a designer but believe it is 
vital to share information 
 Sharing information is a pre-
requisite of BIM: making sure the 
information produced by the 
company is of a high standard and 
meets the requirements of the 
BEP is crucial as it will be 
scrutinised by external groups 
 It is important for my company 
but not that vital for my role 
 It’s important when using but 
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Data Set 14: What is the main barrier to designing in a BIM environment? 
  Software/ training 50.4% 
  Understanding of client/ legislative requirements 10.5% 
  Concerns about legal issues (intellectual property, design liability etc.) 8.3% 
  Other (please elaborate) 30.8% 
   Reluctance to invest on a basis project by project 
 Clients funds 
 Behaviours - lack of adoption and understanding of process 
 At this point in time, The change from CAD to BIM 
 All of the above, really 
 BIM processes lengthen the time to agree design changes and have an 
adverse effect on project programs. Consultants having to employ BIM 
trained staff (Another layer and costs) just to deal with procedural 
matters. 
 Design processes and workflow still based on CAD processes 
 Routines and culture 
 All of the above 
 Change is always problematic 
 Ultimately the decision rests with the Client to ensure that BIM is a 
contractual requirement 
 Training and the ability of our people to use the tools to the full extent 
 Time - never enough time allowed in design programme 
 Cost! 
 It’s not compatible with the way in which MEP engineers work with respect 
to designing containment. Engineers develop this, not technicians. This 
leads to issues when inserting data into a BIM model 
 Communication 
 Poor information requirements by the client / several CDEs in operation 
 Trust and behavioural issues 
 Lack of procedure for development area and updating models 
 Complexity in combination with software and training 
 Clients refuse to pay for it as they don’t see the benefits 
 Lack of understanding of what design workflows are and silo design culture 
 Understanding the roles and responsibilities of those involved in the 
project 
 Sometimes it is training, often we have data transfer issues or permissions 
/ access issues  
 Governance with things like interface management and change control 
 Investment in training and software development 
 The process getting in the way of outcome, to deliver the project 
 Clients don’t understand BIM so they don’t ask for it 
 Design duties, roles, responsibilities and appointment have failed to keep 
up with input necessary for BIM to develop effectively 
 Time vs. spend curve when compared to a conventional project 
 Mainly a cultural change and shift is needed, not enough buy in from all 
aspects of design 
 BIM doesn’t work for MEP 
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 Custom and practice in both design and physical construction is outmoded 
and does not deliver the value and quality that should be 
expected/demanded by clients 
 Few clients understand the benefits and are therefore unwilling to ‘pay 
more’ for BIM as they see it, not understanding that it can in fact save 
them money through clash management and risk reduction 
 I think the main issue is getting "buy-in" from all interested parties 
 All of the above 
 Understanding of BIM itself 
 costs - designers can deliver but clients rarely wish to pay for BIM as a 
deliverable 
 Not sharing live information - i.e. on [one project], we have to ‘issue’ our 
model for the architects to see it: they don’t see the live model and we’re 
therefore not really designing in a collaborative BIM environment 
 An unwillingness to learn new tools, adapt working practices for the 
greater good 
 BIM is a great tool for documenting and coordinating project in detail 
design only, it is not a design tool from concept 
 
Data Set 15: Why do you think clients ask for design to be carried out in a BIM environment? 
  Government rules (such as the BIM 2016 mandate) 23.2% 
  To get (and use) information-rich models 19.4% 
  Because it’s a buzz-word/ fad which sounds good  13.9% 
  To construct/ maintain built assets more cheaply/ efficiently 21.5% 
 
 They want 3D visuals but not necessarily the information within the 
models 
16.9% 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































City, University of London
OS Ablett
acpb254
nothing not much a little a fair amount a lot total
Under 24 0 1 2 2 1 6
25-34 1 4 11 21 1 38
35-44 2 3 19 17 5 46
45-54 1 1 10 5 5 22
55-64 0 1 3 6 3 13
65+ 0 0 2 1 1 4
prefer not to say 0 0 2 0 0 2
4 10 49 52 16 131
nothing not much a little a fair amount a lot
Under 24 0% 17% 33% 33% 17%
25-34 3% 11% 29% 55% 3% -0.2126
35-44 4% 7% 41% 37% 11%
45-54 5% 5% 45% 23% 23%
55-64 0% 8% 23% 46% 23%
65+ 0% 0% 50% 25% 25% weak negative
prefer not to say 0% 0% 100% 0% 0%
expressed as a percentage of the respondents





















prefer not to say
Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
not at all a little quite very vital total
Under 24 1 1 2 2 0 6
25-34 0 3 6 20 9 38
35-44 1 1 9 22 13 46
45-54 0 2 6 7 7 22
55-64 0 0 4 3 6 13
65+ 0 0 1 1 2 4
prefer not to say 0 0 2 0 0 2
2 7 30 55 37 131
not at all a little quite very vital
Under 24 17% 17% 33% 33% 0%
25-34 0% 8% 16% 53% 24%
35-44 2% 2% 20% 48% 28% -0.2049
45-54 0% 9% 27% 32% 32%
55-64 0% 0% 31% 23% 46%
65+ 0% 0% 25% 25% 50%
prefer not to say 0% 0% 100% 0% 0% weak negative
expressed as a percentage of the respondents
relationship between age and




















prefer not to say
Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
none small amount quite a bit all/ nearly all total
Under 24 1 4 1 0 6
25-34 8 16 9 5 38
35-44 7 15 16 8 46
45-54 7 5 6 4 22
55-64 3 2 3 5 13
65+ 1 1 1 1 4
prefer not to say 0 2 0 0 2
27 45 36 23 131
none small amount quite a bit all/ nearly all
Under 24 17% 67% 17% 0%
25-34 21% 42% 24% 13%
35-44 15% 33% 35% 17% -0.3156
45-54 32% 23% 27% 18%
55-64 23% 15% 23% 38%
65+ 25% 25% 25% 25%
prefer not to say 0% 100% 0% 0% weak negative
expressed as a percentage of the respondents
relationship between age and
























prefer not to say
Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
none one or two most all/ nearly all don't know total
Under 24 1 3 2 0 0 6
25-34 3 16 8 7 4 38
35-44 6 15 13 9 3 46
45-54 3 9 5 5 0 22
55-64 3 2 1 7 0 13
65+ 1 1 2 0 0 4
prefer not to say 0 2 0 0 0 2
17 48 31 28 7 131
none one or two most all/ nearly all don't know
Under 24 17% 50% 33% 0% 0%
25-34 8% 42% 21% 18% 11%
35-44 13% 33% 28% 20% 7% -0.3362
45-54 14% 41% 23% 23% 0%
55-64 23% 15% 8% 54% 0%
65+ 25% 25% 50% 0% 0%
prefer not to say 0% 100% 0% 0% 0% weak negative
expressed as a percentage of the respondents
relationship between age and
























prefer not to say
Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
nothing not much a little a fair amount a lot total
Male 2 6 35 36 13 92
Female 2 4 13 16 3 38
Prefer not to say 0 0 1 0 0 1
4 10 49 52 16 131
nothing not much a little a fair amount a lot
Male 2% 7% 38% 39% 14%
Female 5% 11% 34% 42% 8%
Prefer not to say 0% 0% 100% 0% 0% 0.8204
strong positive
expressed as a percentage of the respondents


















nothing not much a little a fair amount a lot
Male
Female
Prefer not to say
Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
not at all a little quite very vital total
Male 1 7 18 39 27 92
Female 1 0 11 16 10 38
Prefer not to say 0 0 1 0 0 1
2 7 30 55 37 131
not at all a little quite very vital
Male 1% 8% 20% 42% 29%
Female 3% 0% 29% 42% 26%
Prefer not to say 0% 0% 100% 0% 0% 0.8182
strong positive
expressed as a percentage of the respondents
relationship between gender and

















not at all a little quite very vital
Male
Female
Prefer not to say
Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
none small amount quite a bit all/ nearly all total
Male 19 30 26 17 92
Female 8 14 10 6 38
Prefer not to say 0 1 0 0 1
27 45 36 23 131
none small amount quite a bit all/ nearly all
Male 21% 33% 28% 18%
Female 21% 37% 26% 16%
Prefer not to say 0% 100% 0% 0% 0.8204
strong positive
expressed as a percentage of the respondents
relationship between gender and

















none small amount quite a bit all/ nearly all
Male
Female
Prefer not to say
Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
none one or two most all/ nearly all don't know total
Male 13 32 25 20 2 92
Female 4 15 6 8 5 38
Prefer not to say 0 1 0 0 0 1
17 48 31 28 7 131
none one or two most all/ nearly all don't know
Male 14% 35% 27% 22% 2%
Female 11% 39% 16% 21% 13%
Prefer not to say 0% 100% 0% 0% 0% 0.8182
strong positive
relationship between gender and
number of recent projects designed in a BIM environment

















none one or two most all/ nearly all don't know
Male
Female
Prefer not to say
Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
nothing not much a little a fair amount a lot total
Architecture 1 2 11 12 3 29
Engineering 1 4 17 15 5 42
Project Management 1 2 18 23 8 52
Other 1 2 3 2 0 8
4 10 49 52 16 131
nothing not much a little a fair amount a lot
Architecture 3% 7% 38% 41% 10%
Engineering 2% 10% 40% 36% 12%
Project Management 2% 4% 35% 44% 15% 0.9669
Other 13% 25% 38% 25% 0%
strong positive
expressed as a percentage of the respondents























Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
not at all a little quite very vital total
Architecture 1 0 10 12 6 29
Engineering 1 4 12 17 8 42
Project Management 0 1 6 25 20 52
Other 0 2 2 1 3 8
2 7 30 55 37 131
not at all a little quite very vital
Architecture 3% 0% 34% 41% 21%
Engineering 2% 10% 29% 40% 19%
Project Management 0% 2% 12% 48% 38% 0.9759
Other 0% 25% 25% 13% 38%
strong positive
expressed as a percentage of the respondents
relationship between discipline and


















Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
none small amount quite a bit all/ nearly all total
Architecture 4 14 8 3 29
Engineering 10 13 15 4 42
Project Management 11 14 13 14 52
Other 2 4 0 2 8
27 45 36 23 131
none small amount quite a bit all/ nearly all
Architecture 14% 48% 28% 10%
Engineering 24% 31% 36% 10%
Project Management 21% 27% 25% 27% 0.9746
Other 25% 50% 0% 25%
strong positive
expressed as a percentage of the respondents
relationship between discipline and


















Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
none one or two most all/ nearly all don't know total
Architecture 3 17 2 6 1 29
Engineering 7 14 11 9 1 42
Project Management 5 16 16 13 2 52
Other 2 1 2 0 3 8
17 48 31 28 7 131
none one or two most all/ nearly all don't know
Architecture 10% 59% 7% 21% 3%
Engineering 17% 33% 26% 21% 2%
Project Management 10% 31% 31% 25% 4% 0.9704
Other 25% 13% 25% 0% 38%
strong positive
expressed as a percentage of the respondents
relationship between discipline and



















Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
nothing not much a little a fair amount a lot total
Newly-qualified 1 0 1 0 0 2
One to five years 0 2 10 10 2 24
Five to ten years 1 2 4 8 4 19
Ten to 20 years 1 4 19 20 5 49
20 to 30 years 0 1 8 4 2 15
30+ years 1 1 7 10 3 22
4 10 49 52 16 131
nothing not much a little a fair amount a lot
Newly-qualified 50% 0% 50% 0% 0%
One to five years 0% 8% 42% 42% 8% 0.1264
Five to ten years 5% 11% 21% 42% 21%
Ten to 20 years 2% 8% 39% 41% 10%
20 to 30 years 0% 7% 53% 27% 13%
30+ years 5% 5% 32% 45% 14% weak positive
expressed as a percentage of the respondents
























Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
not at all a little quite very vital total
Newly-qualified 1 0 0 1 0 2
One to five years 0 1 9 9 5 24
Five to ten years 0 0 2 11 6 19
Ten to 20 years 1 0 11 22 15 49
20 to 30 years 0 1 4 5 5 15
30+ years 0 5 4 7 6 22
2 7 30 55 37 131
not at all a little quite very vital
Newly-qualified 50% 0% 0% 50% 0%
One to five years 0% 4% 38% 38% 21% 0.0731
Five to ten years 0% 0% 11% 58% 32%
Ten to 20 years 2% 0% 22% 45% 31%
20 to 30 years 0% 7% 27% 33% 33%
30+ years 0% 23% 18% 32% 27% weak positive
expressed as a percentage of the respondents
relationship between experience and
























Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
none small amount quite a bit all/ nearly all total
Newly-qualified 0 0 1 1 2
One to five years 3 12 7 2 24
Five to ten years 5 5 4 5 19
Ten to 20 years 10 13 16 10 49
20 to 30 years 4 6 3 2 15
30+ years 5 9 5 3 22
27 45 36 23 131
none small amount quite a bit all/ nearly all
Newly-qualified 0% 0% 50% 50%
One to five years 13% 50% 29% 8% 0.0802
Five to ten years 26% 26% 21% 26%
Ten to 20 years 20% 27% 33% 20%
20 to 30 years 27% 40% 20% 13%
30+ years 23% 41% 23% 14% weak positive
expressed as a percentage of the respondents
relationship between experience and






















Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science
City, University of London
OS Ablett
acpb254
none one or two most all/ nearly all don't know total
Newly-qualified 0 0 0 0 2 2
One to five years 3 9 4 7 1 24
Five to ten years 1 10 3 5 0 19
Ten to 20 years 6 20 12 7 4 49
20 to 30 years 3 4 6 2 0 15
30+ years 4 5 6 7 0 22
17 48 31 28 7 131
none one or two most all/ nearly all don't know
Newly-qualified 0% 0% 0% 0% 100%
One to five years 13% 38% 17% 29% 4% 0.0358
Five to ten years 5% 53% 16% 26% 0%
Ten to 20 years 12% 41% 24% 14% 8%
20 to 30 years 20% 27% 40% 13% 0%
30+ years 18% 23% 27% 32% 0% weak positive
expressed as a percentage of the respondents
relationship between experience and























Spearman's Rank Correlation Coefficient calculations; raw data graphical interpretations
MSc Information Science 
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Introduction to Interviewees  
 
My name is Oz Ablett and I am a final year student at City, University of London studying for an 
MSc Information Science degree.  I am now conducting research for my dissertation in will 
consider how design information is shared between engineers, architects and others involved 
in the design of buildings and other built assets. 
 
I would like to invite you to participate in this research, which will involve a one-to-one 
interview lasting no more than about 20-30 minutes.  Your data will be treated confidentially 
and your name and other personal details will not be used (you will be identifiable only by a 
letter from the Greek alphabet with your identity known only to me).  If appropriate, you can 





In each interview, I anticipate that the following main themes will be discussed: 
1. How important the interviewee feels BIM is to the engineering and design industries 
2. The interviewee’s feelings on the importance of information sharing in a collaborative 
environment 
3. What the interviewee thinks are the main barriers to designing in a BIM environment 
4. What the interviewee think are the best ways of exchanging information – and what 
could be improved? 




If you have any questions please email me at oablett@gmail.com.   
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Participant Information  
 
I would like to invite you to take part in a research study. Before you decide whether you 
would like to take part it is important that you understand why the research is being done and 
what it would involve for you. Please take time to read the following information carefully and 
discuss it with others if you wish. Ask us if there is anything that is not clear or if you would 
like more information. 
 
What is the purpose of the study?  
I am in the process of studying for an MSc in information science, and my dissertation is looking 
at the impact of managing information within and between multi-disciplinary construction 
design teams.  I am looking for individuals qualified in a design discipline to answer some 
questions about their approach to information management and their thoughts on how it 
impacts their day-to-day work. 
 
Why have I been invited? 
You have been chosen to take part in this study as you have been identified as someone who is 
qualified in their field as a construction design professional.   
 
Do I have to take part?  
Participation in this study is voluntary and will be anonymised before publishing.  You may 
withdraw at any stage or avoid answering any questions you feel are too personal or intrusive 
and you will not be penalised or disadvantaged in any way if you choose to withdraw.  It is up 
to you to decide whether or not to take part in this study.  If you do decide to take part you 
will be asked to sign a consent form.  If you decide to take part you are still free to withdraw 
at any time and without giving a reason.   
 
Please note that once the data has been collected and anonymised it will no longer be possible 
to withdraw participation. 
 
What will happen if I take part?  
The questionnaire should only take a few minutes of your time.  If you are asked to take part 
in an interview, it is anticipated that it will take place should last no more than about half an 
hour and will take place at a mutually-agreed public place such as a coffee shop or over the 
phone, as appropriate and agreed with you.  The only personally identifying information (PII) 
to be collected will be your name, the discipline you work in and the amount of time you have 
been working in that capacity.  This information will be anonymised as part of the collation 
process and then destroyed: it will not be made public. 
OS Ablett | acpb254 
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What do I have to do?  
The study will involve answering a few questions and possibly include a follow-up interview if 
you are willing/ able to do so. 
 
What are the possible disadvantages and risks of taking part?  
There are no disadvantages or risks anticipated to those taking part in this study.  
 
What are the possible benefits of taking part? 
That the study is designed to help inform how information is shared and managed among multi-
disciplinary design teams alongside other research.  As such, it is anticipated that the findings 
will be beneficial to the wider construction design community. 
 
What will happen when the research study stops?  
Once the study has been completed, all participants’ data will be anonymised and any 
personal identifying information (PII) will be destroyed.   
 
Will my taking part in the study be kept confidential?  
If you choose to take part, your participation and information will be kept confidential.  The 
only personally identifying information (PII) to be collected will be your name, the discipline 
you work in and the amount of time you have been working in that capacity.  This information 
will be anonymised as part of the collation process and then destroyed: it will not be made 
public. 
 
What will happen to results of the research study? 
The study is intended to form part of my MSc dissertation, copies of which can be made 
available on request.  The anonymity of all participants will be maintained in the publication 
of my dissertation as well as in any other copies or publications. 
 
What will happen if I do not want to carry on with the study?  
You are free to withdraw from the study without an explanation or penalty at any time. 
 
What if there is a problem? 
If you have any problems, concerns or questions about this study, you should ask to speak to a 
member of the research team. If you remain unhappy and wish to complain formally, you can 
do this through City’s complaints procedure.  For further information, please contact my 
supervisor, Professor David Bawden on 020 7040 5060 or by e-mailing him at 
d.bawden@city.ac.uk 
OS Ablett | acpb254 
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Who has reviewed the study? 
This study has been approved by City’s Computer Science Research Ethics Committee. 
 
Further information and contact details 
If you have further questions about this study, you can contact my supervisor, Professor David 
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Participant Consent Form 
 
I confirm that I have had the project explained to me, and I have read the participant 
information sheet, which I may keep for my records.  
 
I understand this will involve: 
 being interviewed by the researcher 
 completing questionnaires asking me about information management and how it 
pertains to my professional role 
 making myself available for a further interview should that be required 
  Agree 
  Disagree 
 
This information will be held and processed for the purpose of a study into the impact of 
managing information within and between multi-disciplinary construction design teams.  I 
understand that any information I provide is confidential, and that no information that could 
lead to the identification of any individual will be disclosed in any reports on the project, or to 
any other party. No identifiable personal data will be published. The identifiable data will not 
be shared with any other organisation. 
  Agree 
  Disagree 
 
I understand that my participation is voluntary, that I can choose not to participate in part or 
all of the project, and that I can withdraw at any stage of the project without being penalized 
or disadvantaged in any way. 
  Agree 
  Disagree 
 
I agree to City, University of London recording and processing this information about me. I 
understand that this information will be used only for the purpose(s) set out in this statement 
and my consent is conditional on City complying with its duties and obligations under the Data 
Protection Act 1998. 
  Agree 
  Disagree 
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I agree to the use of anonymised quotes in publication. 
  Agree 
  Disagree 
 
I agree to take part in the above study. 
  Agree 




    

 signature  date 
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11 October 2017 
 
How important is BIM to the engineering and design industries? 
I think it is integral.  BIM creates a much more streamlined design which is both more accurate 
and more efficient.  This in turn results in savings in time and money in the latter stages of a 
project particularly in the construction.  I think it’s the way the industry’s going and we all 
need to get on the bandwagon – it’s not going away. 
 
What are your feelings on the importance of information sharing in a collaborative design 
environment 
It’s a very important aspect of collaborative design, but in my experience it is not done 
efficiently at present.  This could be down to the software that’s used to create the 
information i.e. the programmes are not necessarily designed to talk to one another 
appropriately and hence information sharing can be a long, time consuming process.  The BIM 
environment is important in this, bringing everyone together into one working environment to 
ensure the most up-to-date information is available to all parties and allowing people to make 
more informed decisions in a more timely manner. 
 
What do you think are the main barriers to designing in a BIM environment? 
I think that some of the key issues are with individuals who are resistant to change; it’s quite a 
culture shift from designing in a 2D environment to designing in an integrated BIM Model.  
People need to understand that sharing their information pays dividends in the long run.  
Another problem is that getting software to communicate and federating the models can be 
quite laborious meaning people do not necessarily do it as often as they should.  This can, and 
has, led to abortive work where people have gone off on tangents in their own worlds. 
 
What do you think are the best ways of exchanging information – and what could be improved? 
It’s down to communication.  Collaborative software tools are good at ensuring a common set 
of information is available to all those on the project, however, someone has to take 
responsibility for the management of that information.  Having everyone in the same room is 
ideal, but having regular “keep in touch” and conference calls/ meetings etc. are also good at 
keeping information flowing.  My company manages projects across the world, which makes 
this more difficult, but also means information needs to be more tightly controlled.   
δ 
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Centralised communication is more appropriate than ad hoc phone calls, e-mails and managing 
documents and information through personal storage, and needs to be enforced on all 
projects.  
 
How do you think clients view BIM? 
I think it depends on the client.  In my experience, most clients seem to ask for BIM because 
it’s a government requirement but to be honest, I have yet to meet a client who knows what 
BIM delivers and how it can benefit them.   
 
What about collaborative working? 
In terms of collaborative working this is not necessarily a new requirement.  Design teams have 
always been encouraged to work collaboratively, however, now clients seem to be enforcing it 
more as they think they will get a better design which is fully co-ordinated.  Nowadays we 
have the software and the understanding of how collaboration and information sharing can 
have a positive (or negative) impact on project delivery and this should be promoted and 
rolled out across all projects. 
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Pi (Design Manager; Buildings & Urban Design) 
9 October 2017 
 
How important is BIM to the engineering and design industries? 
I think it’s fundamental to the industry.  You have to have BIM incorporated in the daily 
activities and tasks within the design industry: I read somewhere that we’re one of the highest 
information-using industries.  To use that amount of information effectively, you have to be 
able to manage it: BIM processes allow for this to happen.  They make it easier for people to 
work in one place, in one shared environment.  
 
What are your feelings on the importance of information sharing in a collaborative design 
environment 
Again, I think it’s very important.  People need to share information in a live format not just 
information that’s outdated, even by a few minutes.  People need to share information as it 
changes: this is one of the key things which needs to be considered, particularly in the design 
industry.  I feel that if you don’t share information as it changes, I feel that if you don’t share 
information as and when it changes, it has reduced cooperative value as this means it’s shared 
in a distorted manner.  People need to talk to each other and often make decisions fast.  They 
also need to ensure that everyone on the team knows the information is up-to-date, which 
means you don’t lose time and money and spend effort correcting mistakes.  
 
What do you think are the main barriers to designing in a BIM environment? 
I don’t think some people understand the benefits of information sharing.  People seem to be 
resistant to it because they’re scared of some of the tools because they’re new.  It’s like a 
child – if you ask a child to try a new food they will say “no” before even trying it, just 
because it looks like a vegetable: this is the same as some of the adults we work with!  I think 
that if they actually try it they’ll see it works.  Those that have tried it know it works: and not 
just those who are geeks and early-adopters.  It’s getting those resistant to change to accept it 
and start working in a way that benefits everyone. 
 
What do you think are the best ways of exchanging information – and what could be improved? 
Tools should be a support to collaboration.  The whole point of having instant answers and 
instant access to information is being in one single place at the same time.  However, because 
[my company works] on a number of international projects with people scattered across the 
glove we need to have one system which brings together all these people.  I have tried a 
number of tools including [a variety of CDEs and EDMSs] and haven’t yet found something 
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which I think works or does the job as well as I think it should in terms of coordination and the 
sharing of project information.  These tools need to be developed more closely with the 
industry in order that they do what they’re supposed to do. 
 
Co-location (virtual or otherwise) is the most important thing.  I wonder if perhaps the lack of 
a suitable IT platform to share information is what’s causing problems.  I wonder if perhaps 
people choose a CDE or EDMS to tick a box in the BIM Execution Plan rather than thinking of 
how the information can all be shared and used.  On most of the projects I work on, too many 
people are still too reliant on e-mail and other forms of communication, and we need 
something which brings together the way people should work.  We also need to change 
peoples’ behaviour and acceptance of change. 
 
How do you think clients view BIM/ collaborative working? 
I think this depends on the client.  Some are educated and have enough knowledge of BIM and 
knows what he’s asking for.  In instances like this they’ll know how to deal with the huge 
amount of information that comes through and how to manage it: it’s at times like this that all 
stakeholders have the same understanding of the tool and how to use the information.   
 
In cases where the client and designers don’t necessarily understand how to use the 
information this can lead to a gap between expectations and reality – people end up with 
something they don’t need and often can’t use.  And how does an uneducated client know 
something’s been designed in a BIM environment? 
 
There’s a mixture of clients these days.  You have a few that understand what they’re asking 
for, some that don’t and others who are just trying to tick a box that satisfies government 
requirements.  If they all understood, their projects would be delivered to better quality and 
often quicker and with better value for money. 
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Mu (Design Manager; Civil Engineering) 
10 October 2017 
 
How important is BIM to the engineering and design industries? 
To be honest, I think BIM is vital to the continued success of the AEC industry.   
 
What do you think are the most important aspects? 
It’s important to draw a distinction between 3D design, BIM and the software used to create 
these models.  All too often I hear people mix up 3D design, BIM and software: 3D is not 
necessarily BIM and vice versa.  In the same vein, designing in a BIM environment can be 
software agnostic.  It’s not about the programme used to create the model; it’s about the data 
in the model. 
 
One thing I hear time and again from design teams is that they don’t “do BIM”.  They’re right; 
nobody “does BIM”, they design in a BIM environment.  This is more than just semantics, it’s 
about making sure the right atmosphere is in place among the team before the design work 
starts.  And as for not “doing BIM”, they need to understand that collaborating with others is 
the only way in which modern design projects now take place.  It’s not a choice: it’s what’s 
happening. 
 
What are your feelings on the importance of information sharing in a collaborative design 
environment? 
It’s probably the most important part of collaboration, but it’s not done efficiently.  Teams 
need to share information “live” as quite often information just a few minutes old can cause 
problems.  This is one of the things I’m looking forward to when the construction industry 
finally moves to a [BIM] Level Three environment: the whole team working on one model at 
the same time sounds like an administrative nightmare, but with the right controls it really 
could work and make as massive a difference to the industry as the introduction of CAD did 
back when I started out as a draughtsman. 
 
Even now, when working in a [BIM] Level Two environment it’s impossible to undertake clash 
detection and see the benefits of BIM processes without sharing information.  When teams see 
the benefits of doing so, they usually come round to the idea: I just wish they’d understand it 
and do it sooner – or remember that the last time they did it, things went well and they 
actually got more out of the design process as a result.  Some of the teams get it; usually the 
younger members of the team or those who were bitten by the tech bug at a young age, like I 
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was.  I’m working on those who still don’t get it.  It may take some time, but it’ll happen 
eventually – we’ve got rid of drawing boards in favour of 2D CAD: BIM’s just the next step. 
 
What do you think are the main barriers to designing in a BIM environment? 
There are any number of barriers to designing in a BIM environment.  From my perspective as a 
design manager, one of the big ones is that no single person is responsible for the project from 
inception to handover and beyond.  This makes it difficult to explain the concept of 
information management for each part of each project.  I think this could go some way to 
explain why people working on projects are loathe to collaborate with others outside their 
organisations or in some cases their disciplines.  Nobody knows what’s going to happen to the 
information when they all walk away at the end of the project. 
 
Another problem is a lack of understanding about what constitutes designing in a BIM 
environment.  There are too many designers who concentrate on how the final render will look 
– choosing particular colours or textures.  And too many project managers don’t understand 
that the render isn’t the same as the BIM.  I’ve heard this called ”Hollywood BIM” and “bullshit 
BIM”: I like both descriptions and have used both many times!  Those who concentrate on 
these aspects of the model at the expense of the cost and time efficiencies associated with 
working in a BIM environment need to understand exactly what BIM is about and what it’s 
trying to deliver. 
 
What do you think are the best ways of exchanging information – and what could be improved? 
I think it starts and ends with communication.  Many of the projects I work on are based in 
different countries and time zones, so communication is vital.  Some people hark back to the 
days of having everyone in the same room, which was wonderful, but that didn’t mean people 
communicated any better.  In some cases, it was worse than it is now.   
 
Too many people set too much stock by technology solutions.  They’re a part of the solution, 
but they’re not the be-all and end-all.  Someone needs to take responsibility for the 
management of the information that’s flying around when something’s being designed.  Above 
all, it needs to be controlled – that’s what I do as a design manager.  The last thing you want is 
too many cooks.  Contrary to what many MEP engineers have told me, many hands do not make 
lights work. 
 
How do you think clients view BIM? 
I think some clients don’t understand what BIM can deliver.  I spend a lot of my time 
explaining that a fully-coordinated BIM allows for a virtual construction of a building before its 
physical construction.  Telling people that the models which are created end up full of useful 
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data about how they can run their building once it’s complete.  Loads of my time is also spent 
explaining to my colleagues and clients that designing in a BIM environment allows for easier 
clash detection, and reduces the risk of human error through the design process rather than 
problems being picked up on site, which is where things get expensive. 
 
Once I’ve spent all that time explaining to people, they seem to understand it, and want to 
know more.  Unfortunately there are only so many hours in the day, and I can’t book all that 
time to projects or someone gets upset about me spending time doing things outside of my 
remit.  But the important thing for me is that people get it.  They know what they’re paying 
for, and they have an understanding of how it can help them in the future. 
 
What about collaborative working? 
BIM and collaborative working go together hand-in-hand.  I think once clients understand how 
teams working together can help get them a better building at the end of the process, they 
understand what they’re paying for!  However, some clients think that’s how we work – or at 
least how we should work – anyway, and don’t like paying a little bit extra.  It’s symptomatic 
of the short-sightedness of the construction industry.   
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Xi (Director; Architecture & Design) 
16 October 2017 
 
How important is BIM to the engineering and design industries? 
I think it’s critical to multi-disciplinary projects.  At my company we’re developing a ‘product 
book’ containing details of BIM objects we can use in any or all of our projects: the money 
being spent on doing this shows that my company is taking it seriously and sees the benefit in 
it.  If nothing else, it also means that it’ll be easier to manage and create projects in the 
future as we’ll have most of the ‘parts’ and know everything about each object.   
 
What are your feelings on the importance of information sharing in a collaborative design 
environment 
Good information sharing is down to people and tools, but it’s important to educate people to 
use those tools properly.  It’s in human nature to learn and engage; this needs to be shaped by 
the lead designer who is the person whose job it is to make sure that learning actually 
happens.  The team extends past the designers to sub-consultants and sub-contractors.  If 
everyone doesn’t work together you end up with so many problems, and problems are where 
things start to get expensive!  I’ve been on projects where proper collaboration hasn’t 
happened, and it’s seen massive problems from beginning to end.   
 
What do you think are the main barriers to designing in a BIM environment? 
No single person is responsible for the project from inception to handover and beyond.  And 
people don’t always understand the difference between ‘real BIM’ and ‘Hollywood BIM’.  The 
former is where collaboration happens through the whole process, with the latter where 
people use the software as a drafting tool without thought to the functionality in it and/ or 
just concentrate on a render looking nice at the end of the design process.  People need to 
remember that if you use the software and the processes properly and get buy-in from the 
whole team, you’ll be fine.  A distinction needs to be made between 3D design, BIM and 
software. 
 
What do you think are the best ways of exchanging information – and what could be improved? 
I think the best model is sitting together in a room with other disciplines.  At the end of the 
day, people are people: until you point at a piece of a drawing or model, it’s difficult to get 
everyone to understand where the problem or clash is occurring, or what needs doing about it.  
On the other hand, those meetings need to be small: too big and you’ll end up with a talking 
shop.  On our projects we usually have a workshop every couple of weeks with all the primary 
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consultants, which you then have to follow up with the information transfer: a common data 
environment is the safest way of doing that.  Email has all sorts of problems, particularly with 
version control but also with file sizes.  That said, any system needs to be easy – we all have 
other things to do besides administering a system. 
 
How do you think clients view BIM/ collaborative working? 
Our clients span all attitudes towards it.  We get some who have never heard of it and don’t 
care and we get others clients who don’t fully understand it but broadly support it.  We also 
get clients who think BIM’s a magic wand and everything will be better in the end.  They need 
to understand that BIM doesn’t save time; you end up drawing too much and the models get 
too big.  On one project, we’ve got to create a model with high level of detail, which is fairly 
normal.  However, this project is a large residential tower block and creating one model with 
the level of detail required results in a model that’s too big to open with the computers we 
currently have.  There are few clients who seem to understand these problems, but it’s early 
days.  BIM’s just a different tool.  It’s a good tool, but it’s got some way to go – particularly 
file management.  Keeping the file size manageable is the biggest focus at the moment. 
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Lambda (Director; Engineering) 
12 October 2017 
 
How important is BIM to the engineering and design industries? 
Information is principally important from a procurement perspective, and especially important 
to the asset management and building operations.  The only thing that’s important from the 
design perspective is 3D modelling and basic design data transfer which is rarely a client 
deliverable.  It’s important for interoperability, but little else.  There’s also little known about 
how it reaches the asset management side of the industry.  It’s important to the industry, but 
nobody seems to be taking it seriously. 
 
What are your feelings on the importance of information sharing in a collaborative design 
environment 
It’s very important.  It’s important within a discipline, getting workflows etc. properly 
streamlined with data integrity at the heart of the process.  In terms of sharing it with others 
outside the discipline it’s important for the same reasons.  This is where inter-disciplinary 
processes come into play: you have to ensure the whole team is efficient and understands 
what each other needs.  It’s very hard to manage when you’re split across consultancies 
particularly with the liability risk (although this can be ameliorated: they would still be 
responsible for the data on the understanding that they can spend less time checking it than 
they would have to if they were recreating it).  Fabricating steel is one good example: 
sometimes the fabricator doesn’t have the same methods of modelling the items they have to 
re-draw everything you’ve just drawn.  In the future, standardising these processes would deal 
with this.   
 
In theory you end up with a model from one consultant or group giving a turn-key project: 
designing and building.  While you have current procurement models with different consultants 
stopping and starting on a project without anyone willing to ‘go the extra mile’ for the next 
consultant, it’s not going to happen.  Specialists would plug into that process to deliver things 
like pitch design in sports stadia or things like acoustics.  However, it’s unlikely in the future 
that you’ll have so many mid-sized consultants playing roles in the industry when it comes to 
projects like this.   
 
Software isn’t the magic bullet: people all want to do things differently; commercially it’s 
important to find a way to get the software and processes to talk to each other appropriately 
to deliver these things.  IMHO that’s where the industry’s going. 
λ 
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What do you think are the main barriers to designing in a BIM environment? 
Fundamentally, other than personality and generational issues, is the way that buildings are 
procured, not allowing the end-to-end process of design to happen.  No one person has 
responsibility for the project from cradle to grave. 
 
Generational issue: anecdotally, I present a lot.  The only negative feedback I get is from 
anyone over about 50.  At the end of the talk, I get people under about 35 asking how they can 
get the older generation to understand how it works.  There’s a misconception about what BIM 
is and what information management is: we’re not trying to do the engineer out of a job, we 
want to remove some of the repetitive tasks and the associated human error; we want to go 
back to problem solving, which is what your job should be.  Machine learning and so on is 
coming, but the original idea will always come from a human being.  In terms of career paths, 
university is the best way to learn everything, but your career may take you to a software 
development route.  We need competent engineers designing software for engineers. 
 
In terms of the wrong software being sold to people, ever since BIM has come about, the 
software resellers have been able to sell something with people just accepting it’s what they 
need.  We need to link analysis software together: while this could cause a problem with IP, 
you need a way to move data around.  That’s one of the things that stops us buying someone’s 
software: the data can’t be transferred between providers. 
 
Engineers want to mark up a plan view or a section as that’s the building block of the building.  
The reason we’ve always created drawings rather than 3D models is that you can read a 
drawing but you can’t read a model.  Until automation starts to come into its own we’ll still be 
working on drawings.  Not everyone needs to develop in a collaborative 3D space.  You need a 
combination of 2D and 3D, automation and human interaction.  It’s not all about one thing. 
 
What do you think are the best ways of exchanging information – and what could be improved? 
Clear communication for whatever audience or system you’re talking about.  You can’t assume 
because you’ve done something that everyone else knows.  “It’s in the model” isn’t enough: 
you have to find a way of telling people what you’re communicating.  Understand the model, 
understand the audience and understand what you’re trying to do with it.  That said, you don’t 
want a black box: you want to use a piece of software understanding what it’s doing.  More 
complex software will solve more complex problems, but you can’t come to a situation where 
you have a duff engineer solving difficult problems.  Maybe we should reduce our reliance on 
software? 
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How do you think clients view BIM/ collaborative working? 
Clients view BIM as something they’re told is great, so they need.  Some educated clients 
understand what they want from it, and are asking for it.  It seems to be primarily those who 
are buying a building and those who understand that the model will help them operate the 
building.  The consultant needs to understand what information within the model will be used 
by the client: the client won’t use everything. 
 
In terms of collaboration, they like the word.  But they need to work more closely with the 
design teams: they need to voice what they want, what they want to do with the information 
in the models and how they want to use the model.  It’s rare to find a client who will 
collaborate and share information with the design teams in this way. 
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Phi (Engineer; Building Services) 
5 October 2017 
 
How important is BIM to the engineering and design industries? 
Because it’s time-saving when it comes to being involved in a project with different 
disciplines: people can get information from other disciplines without having to ask for it.  It 
also means people can save time by seeing everything in one place.  It makes the whole 
process more time- and cost-efficient.  Also it means people can find information they didn’t 
know they needed in the first place. 
 
What are your feelings on the importance of information sharing in a collaborative design 
environment 
Quite simply it’s vital.  Everyone within the project should have access to the same 
information about each other’s disciplines.  If you want the project to develop correctly, 
everyone should have the ability to see what everyone else has done. 
 
What do you think are the main barriers to designing in a BIM environment? 
I believe that most of those in charge of projects [in this organisation] have all their 
experience based on traditional methods of designing.  To them BIM and information sharing 
sounds like something new, which they are naturally sceptical about, so they rely on past 
experience – it was successful in the past.  People tend to say things like “we’ve always done 
it this way”, but if nobody innovated, nothing would progress. 
 
What do you think are the best ways of exchanging information – and what could be improved? 
[This company] has a way of separating people, with information cascading down the teams: 
the traditional way.  It’s discussed by directors and then passed down.  A common data 
environment would be most useful with automated e-mails telling you what’s happened to 
various files and so on.  If you are an MEP engineer and you’re working with the architects and 
something you’re doing affects them, you need a way for any of those interfaces to be 
communicated to those who need to know.  This allows the teams to report back to each 
other.   
 
So do you think face-to-face communication or communication through a tool like a CDE or 
EDMS is best? 
In an ideal world, face-to-face communication is the best way of communicating and sharing 
the information.  However, if you’re working in a project with different time zones, sometimes 
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an e-mail is enough.  But with a CDE or EDMS there’s got to be an audit trail and/ or an 
automated process to make sure everyone knows what has changed or happened on the 
project or with the information in question.  It must be easy to understand so that anyone can 
understand what’s happened.  Similarly everyone on the project needs to know how to contact 
everyone else so those changes can be queried as appropriate.  This is easier face-to-face than 
via computer. 
 
How do you think clients view BIM/ collaborative working? 
The main thing that comes into my head when I think about BIM is a 3D model with all the bits 
tagged onto it.  So you can click on a pipe, for example, and see everything about that pipe 
from its size to the materials it’s made of and so on.  For a client, I think they want to see 
what the architect and the engineers see – clients can’t “read” 2D drawings as well as we can.  
I think a 3D model makes a client feel more comfortable being able to see a fly-through with 
“this amount of head-room, with the MEP in the ducting there…”.  Using BIM also means the 
client feels more part of the project and when all disciplines are using the same data and 
information, it really is a collaborative effort, including the client’s input.  
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Omega (Engineer; Civils & Structural) 
10 October 2017 
 
How important the interviewee feels BIM is to the engineering and design industries 
I think BIM is vital in the design process of any complex building.  My current experience of BIM 
is of everyone working within different types of software where everyone produces their 
information separately and then brings it together in stages into one model.  I feel that we 
don’t necessarily need BIM all the way through the design process, as a lot of the design is 
concept work in which everything changes anyway.  Even in detailed design we still coordinate 
by looking at sketches, but for a large team to bring together and share information, where 
everybody is not party to all conversations and changes, BIM is vital.  The bringing together of 
information into single model to carry out clash detection is important, as 2D drawings often 
hide a multitude of sins.  A lot of the modelling of data often brings us off-course with some of 
the design.  However, in the later stages of the design process it’s a lot more important.   
 
What are your feelings on the importance of information sharing in a collaborative design 
environment 
What do you mean by a collaborative environment – an ‘online’ environment or a collaborative 
office environment? 
 
When you’re working with other people on the same project 
I think it’s obvious you need to share information when you’re working in a team.  We have to 
follow up all of our information with an explanation, helping the other person understand what 
you’re sharing with them.  Often, as structural engineers, we are excluded from the meetings 
between the architect and MEP, whereas, it would be beneficial to be involved as there is 
almost always a knock on effect between all disciplines.  Sometimes, MEP are brought late into 
the project so everything has to change because they haven’t been involved from the word go. 
 
We do a lot of structural fire engineering to make sure that the fire protection isn’t too 
expensive, so we are often brought in at the end of the project to meet the client’s cost 
expectations and then we need to tell the structural engineer that their beam needs to be 
12mm thicker.  Every change has a consequence on other disciplines.  
 
What do you think are the main barriers to designing in a BIM environment? 
Sometimes the software isn’t the right tool for the job and I know in [my company] a lot of the 
modelling is outsourced to other organisations.  This doesn’t work because you’ve got one 
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team of people designing and another team of people modelling (i.e. putting the design into 
the model) so you need a lot of coordination.  On one of our airport projects, the MEP 
engineers use Sketch-up because they don’t have Revit capability in-house (partially because 
they don’t believe that Revit is the right tool for designing) so they download our models into 
Sketch-up and then send their Sketch-up information to a technician in China to be put back 
into Revit.  This means the information is only brought together at the end of the project.  
This is also what happened on one of our sports stadium projects where the guidelines from 
the client were very strict as they wanted a fully coordinated model at all stages through the 
project which meant MEP engineers weren’t spending enough time designing because their 
time was all spent pulling together a federated model. 
 
What do you think are the best ways of exchanging information – and what could be improved? 
I think being in one room together would be ideal, but that’s not going to happen!  As 
designers we need to remain flexible in the way in which we exchange information.  The client 
and architect on [one project] send us instructions via WhatsApp, which is perhaps not the 
best way of exchanging information.  I have pictures on my WhatsApp which show details from 
a computer screen which I’ve never formally seen in drawn format.  Our information has to be 
uploaded to the CDE, downloaded and then distributed, so we’re not sharing information 
directly with another person which means there’s sometimes a three-day delay between me 
designing something and another person integrating my design into their work.   
 
How do you think clients view BIM/ collaborative working? 
I think clients see BIM as an extra part that they’re buying.  They’re buying a 3D model of their 
building.  I don’t think clients understand coordination issues and sometimes when you’re 
creating a 3D model they don’t understand that actually 2D drawings would be appropriate a 
lot of the time.  For example, we don’t need to model every gantry on the airport project I’m 
currently working on, partly because the contractor will making changes to them.  After all, 
we don’t need to model every door knob. 
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Beta (Landscape Architect) 
2 October 2017 
 
How important is BIM to the engineering and design industries? 
The BIM side of things is useful because it gives a framework to work within.  Some people can 
pick it up as though learning a language online, but other people need to go on a course to 
understand how it works.  It’s relatively simple to organise this in a non-BIM world, but it’s 
very useful for the industry but they must agree standards and allow for legal frameworks for 
collaboration and the sharing of information.  Quite often in Landscape you’re at the end of 
the supply chain and you rely on information from others.  This is a good way to track the 
information you have and find out what’s missing. 
 
What are your feelings on the importance of information sharing in a collaborative design 
environment 
Essential to share information across disciplines and important to know status and date 
revision information is that you’re getting.  So, in cleaning up [my current project] it is 
important to organise the information in an accessible way and have it broadcast to the design 
teams so they can all use it and apply it rather than waiting for one person to have to clear 
everything up.  Topical: it is important to know what status of the information is across the 
whole work stage or phase the information comes through.  There’s no point in using a 
Concept design information when you’re in Technical Design. 
 
I hadn’t considered not using concept when you’re in technical design.  What other 
considerations are there? 
As a discipline, landscape architecture combines and engages all the other disciplines in a way 
that people will comment on – because end-users see benches, lights, gulleys and landscaping 
together as one thing without seeing the pipes and wires under the ground.  For this reason it 
is particularly important for landscape architects to share information with these other 
disciplines. 
 
What do you think are the main barriers to designing in a BIM environment? 
What’s important, what’s missing [this organisation] is a structure to CAD layering and naming.  
One office does it one way which works for them – which has made them successful where 
another office isn’t perhaps that advanced.  So setting the standards early on is the most 
important.  You have to have discipline in your drawing and structure that needs to be used for 
all drawings. 
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Is there anything else stopping you? Or the landscape architecture discipline in general? 
A lack of understanding of deliverables – as in if you have people that do document control, 
you can easily receive and send information but you need to be able to process this 
information.  The more management layers you add, the further away you are from the 
process and the more difficult it is to see what needs to be delivered.   
 
There’s also a lack of understanding what needs to be delivered when.  Project managers need 
to define what information is needed in order to continue the design process and outline 
what’s needed when. 
 
In a BIM world, one advantage is when you set up a good and proper BIM Execution Plan, 
everyone should be aware of what information is available at what stage of the project, as 
well as how to set up their models and drawings so everything looks the same and as though it 
has come from one organisation. 
 
What do you think are the best ways of exchanging information – and what could be improved? 
A Common Data Environment is the best way to share information.  It’s beating the shared 
servers through creating revisions of items etc.  It’s an intelligent tool that helps manage all 
the data associated with the files.  I’ve briefly worked with various EDMS, but they tend to be 
FTP servers rather than live “I use this data for my drawings” system.  That works for larger 
organisations like [ours] but smaller organisations wouldn’t end up working on projects like 
HS2 or Crossrail. 
 
Would you prefer, for example, to see groups of people in one location, or do you not think it 
matters too much? 
Working with a real person helps.  But that’s not always possible.  If I had the choice to work 
for six months in Dubai just because the project manager’s there, or to stay in London, I’d 
want to stay in London.  You see a big difference when people have met at least once.  In 
simpler terms, I’ve met [Alex] once.  He’s a catastrophe when it comes to drawing, but he’s a 
nice guy.  I feel I have a better relationship with Alex than Shaun does, because Shaun’s never 
met him. 
 
How do you think clients view BIM/ collaborative working? 
It depends who the client is, to be honest. 
 
Is there a difference between public and private sector clients, for example? 
Private sector clients such as developers or construction companies seem to understand better 
what they can get out of increased collaboration and information sharing. 
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Public bodies seem to require it without grasping the potential or the use they can get out of 
that information.  Having said that, I was surprised when the Landscape Institute did an 
introduction to BIM with three people from the Royal Parks there: they were considering a BIM 
approach to the management of the Royal Parks.  Whether this has been taken forward by the 
Royal Parks is yet to be seen, but it’s interesting they were there.  That said, It felt like they 
caught the buzzword and turned up to the event 
 
Is there anything else you think could be done better when sharing information in a 
collaborative design environment? 
Germany is looking towards the UK when it comes to BIM implementation.  Germany’s Level 2 
commitment is likely to be 2020, but it will also be mandatory for transport infrastructure 
work as well.  We need to learn from each other and be open to new ideas. 
 
  
OS Ablett | acpb254 
City, University of London 
 
 
Appendix 6: Interview Transcripts 219 
 
 
Sigma (Urban Designer) 
9 October 2017 
 
How important is BIM to the engineering and design industries? 
Currently BIM isn’t as important to my discipline as it’s being played up to be, but in time it 
will become more important.  As the BIM coordinator for [my company’s] UD [Urban Design] 
team with a responsibility for rolling out BIM and information sharing processes across the UD 
and landscape teams, it’s interesting that the other designers in my discipline don’t currently 
care or understand why they should be designing in this way.   
 
How do you feel Urban Design is doing against other disciplines in the built environment? 
[Urban design disciplines are] lagging behind the rest of the [design] industry.  As we catch up, 
perhaps not the importance but the value is increasing.  Although BIM itself isn’t necessarily 
important, the value is the important part.  We’ve been doing it for years, but people are 
becoming more aware of it. 
 
What are your feelings on the importance of information sharing in a collaborative design 
environment 
Information sharing has always been crucial to everything we do.   
 
What’s the longer answer? 
The important letter in “BIM” is “I”, the information.  It is important for teams to remember 
that they don’t “do BIM”, it’s a whole different way of working.  The right environment needs 
to be in place among the whole team before work starts.  It’s not enough for one or two 
people to collaborate, the whole team needs to get to a head space where they understand 
why they need to share information, and the best ways in which to do it. 
 
Also, the software used for each discipline in the design process needs to be suitable for 
collaborating.  It’s no good me designing something I can’t share with a civil engineer or a 
landscape architect just because they’re using a different type of software to me.  If all the 
software we use as a team talks to all the other software we use as a team, we’re able to 
create federated models and truly collaborate.  The same has to be said for the common data 
environment.  All too often some individuals think they don’t need to store and manage their 
information on the CDE or think it’s not important but when something goes wrong – which it 
inevitably does – the finger pointing starts.  Using the CDE properly and sharing information 
with each other means that doesn’t happen.  
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What do you think makes information sharing processes easier? 
It’s always been done, but the proliferation of CDEs like ProjectWise (over products like BIW, 
Aconex and so on which are EDMS or glorified filing cabinets) has helped with collaborative 
working and has made life a lot easier.  The only problem is that sometimes we need to get 
the right people in the right places when it comes to running CDEs in other geographies.  Sadly 
our IT support teams also don’t understand the importance of the software because they don’t 
use it and don’t know how it works: you shouldn’t have an urban designer installing software 
on other companies’ computers.   
 
What else is being done to improve the uptake of information sharing? 
There’s a piece of work at the moment where [my company is] working with a large contractor 
to design a ‘product book’ which is essentially designing standardised Lego bricks and then 
designing the buildings that can be created using those standardised pieces.  Each piece will 
have all the relevant information meaning the information should be managed in a 
standardised way and should be easy to extract, use and study as appropriate. 
 
What do you think are the main barriers to designing in a BIM environment? 
Software compatibility is the biggest barrier to designing in a BIM environment.  No one piece 
of software does it all: we have to ‘hack’ software to make it do what we want to do because 
urban design/ landscape architecture isn’t really a big enough market for software developers 
to put much effort into.  For example, we had to re-write a piece of script within a piece of 
software in order to allow it to design a project which was 4km² in size.   
 
However, the management/ creation of IFC models can both help with the process.  Although 
most designers still think with pencils, in a few years I’m pretty sure VR will transform design 
faster and more efficiently than existing BIM processes, although structured sharing of 
information is a good place to start – particularly when taking into account what’s round the 
corner. 
 
What do you think are the best ways of exchanging information – and what could be improved? 
Information shouldn’t be exchanged as that implies that you’re holding onto it and giving it to 
someone else.  The act of sending information to another person needs to be cut out 
completely.  It is of course sometimes necessary to tell someone the information’s available, 
but everyone should have access to the same information rather than being given copies.  It 
raises questions of ownership; who’s responsible for that information, who owns it?   
 
Within [my company] it’s fine, but when you get other companies involved you end up with 
potential issues with intellectual property, information ownership and design liability.  I 
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always believe that the client owns the information once they pay you: until then, you own the 
information.  If someone tried to rebuild the Gherkin, who has the rights to the design: Foster 
& Partners or Swiss Re?  As far as I know, the client is only entitled to use my design in a place 
where it’s intended to be used: they can’t use it somewhere else – for example, the work I’ve 
done for a client in Qatar can’t be used in Dubai or London.  If everyone’s collaborating, who 
owns the information and design rights? 
 
And then, inevitably, who manages the data environment.  If it’s the client are you going to 
want to put your information on the client’s server?  Similarly when sharing information in a 
shared environment hosted by a client or sub-consultant, is it always a good idea to trust them 
with your intellectual property? 
 
How do you think clients view BIM/ collaborative working? 
At the moment, BIM’s a buzzword so they all want it.  They’ll get the model/ data and not 
have a clue what to do with it.  In the example of [one project] they understand and will use 
the data to save as much money as possible.  However, there’s a question of whether they’re 
sacrificing design for the sake of saving money. 
 
